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Method for detecting whether an organism is homozygous or heterozygous using labelled primers and 
RFLP 

FIELD OF THE INVENTION 

5 The present invention relates generally to a method for detecting the presence or absence 
of one or more nucleotides in a target nucleotide sequence. More particularly, the present 
invention contemplates a diagnostic assay for the presence or absence of a particular 
mutation or polymorphism in a target nucleotide sequence. Even more particularly, the 
present invention combines differential hybridization or restriction endonuclease digestion 
10 with either immobilized array technology or electrophoretic separation to detect the 
presence or absence of a mutation or polymorphism in a target nucleotide sequence. The 
present invention further provides a kit to facilitate conducting the diagnostic assay as well 
as means, and more particularly data processing-assisted means, to automate or semi- 
automate the performance of the diagnostic assay. 

15 

BACKGROUND OF THE INVENTION 

Reference to any prior art in this specification is not, and should not be taken as, an 
acknowledgment or any form of suggestion that this prior art forms part of the common 
20 general knowledge in Australia or any other country. 

The increasing sophistication of recombinant DNA technology is greatly facilitating 
research and development in the medical, veterinary, agricultural and horticultural 
industries. This is particularly the case in the area of diagnostics for human disease 
25 conditions. As a greater understanding of genomics is achieved and with the completion or 
near completion of genome sequencing for a range of animals and mammals, including 
humans, and a range of microorganisms, there will be greater opportunities to develop 
diagnostic assays for a wide range of genetic based conditions. 



30 Diagnostic techniques based on nucleic acid hybridization are unparalleled in their ability 
to identify and quantify genetic material of particular organisms or groups of genetically 
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related organisms. The provision of DNA niicrofabricated array (micro-array) techniques 
now allows an "order of magnitude" increase in speed and specificity for this kind of gene- 
based analysis. For example, reference may be made to Southern (WO 89/10977; U.S. 
Patent No. 6,045,270), Chee et al (U.S. Patent No. 5,837,832), Cantor et al (U.S. Patent 
5 No. 6,007,987) and Fodor et al (U.S. Patent No. 5,871,928). 

Until recently, the nucleic acid probes used in nucleic acid hybridizations were mostly 
obtained empirically by isolating nucleic acid fragments from targeted organisms or genes. 
However, it is now possible to design and synthesize nucleic acid probes using data from 
10 the international sequence databases (e.g. the GenBank and EMBL databases). These 
databases of known gene sequences have been increasing tenfold in size every five years 
for many years and now contain a representative sample of most genes and most major 
groups of organisms. 

15 Generally, DNA micro-arrays use spots of detector oligonucleotides or probes positioned 
in arrays on a solid support, typically a glass wafer. The probes are allowed to hybridize 
with sample nucleic acids, which contain the target nucleic acids and which have been 
fluorescently labelled. The probes and target nucleic acids of the sample are allowed to 
hybridize under conditions that only detect exact or almost exact complementarity between 

20 the probes and the target nucleic acids. If a target nucleic acid complements and hybridizes 
to a particular probe in the array, the spot will fluoresce. Recording the fluorescence of the 
spots enables one to assess which target sequences are present in the nucleic acids mixture. 

Sequence information, obtained from native RNA or DNA molecules, is used to determine 
25 the sequence of the synthesized oligonucleotide probes and this information is usually 
stored in computer databases and manipulated using software. Each probe is synthsized so 
that it contains nucleotides in any order (sequence) that matches a part of a known native 
nucleotide sequence or the complement of a part of that sequence. Oligonucleotide probes 
used in conventional arrays are typically 10-25 nucleotides long. 

30 

Currently oligonucleotide probes are most commonly used in micro-arrays to identify and 
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quantify the mRNA transcripts from genes. These micro- arrays usually contain probes 
representing several different target sequences from each gene sequence and these probes 
are usually chosen to be target specific (i.e. they hybridize with just one target 
polynucleotide). Thus, these micro-arrays contain many more probes than the number of 
5 target polynucleotides they are designed to detect. 

Compared to conventional nucleic acid analysis techniques including restriction fragment 
length polymorphism (RFLP) analysis and the polymerase chain reaction (PCR), DNA 
micro-arrays provide a facile and rapid means of detecting and measuring the expression of 

10 different genes. They have also been used to detect variants of well characterized nucleic 
acid molecules (i.e. to detect genetic polymorphisms and genotypes). However, depsite 
their promise as tools for diagnosing infectious diseases as well as genetic disorders, the 
development of micro- arrays for routine diagnosis appears to be slow. This is probably due 
to the relatively high cost of designing, developing and producing micro-arrays that could 

15 detect a larger number of target polynucleotides. New methods and reagents are, therefore, 
required to realize this promise and the present invention helps to meet that need. 

In accordance with the present invention, the inventors have developed an improved assay 
system which can readily identify changes in nucleotides within a target nucleotide 

20 sequence and whether the mutation or polymorphism is present in homozygous or 
heterozygous form. The assay of the present invention has wide applicability for a range of 
genetic testing of humans, animals, microorganism and plants. The instant assay has 
particular utility in microarray-based assay procedures. Furthermore, many individual 
subjects can be analyzed on the same micro- array, which will allow large-scale genetic 

25 testing in a cost-effective manner. 
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SUMMARY OF THE INVENTION 

Throughout this specification, unless the context requires otherwise, the word "comprise", 
or variations such as "comprises" or "comprising", will be understood to imply the 
5 inclusion of a stated element or integer or group of elements or integers but not the 
exclusion of any other element or integer or group of elements or integers. 

Nucleotide and amino acid sequences are referred to by a sequence identifier number (SEQ 
ID NO:). The SEQ ID NOs: correspond numerically to the sequence identifiers <400>1, 
10 <400>2, etc. A sequence listing is provided after the claims. 

The present invention provides a means for detecting the presence or absence of a 
particular nucleotide or group of nucleotides in a target sequence. The assay comprises the 
selection or generation of forward and reverse amplification primers which, in one 

15 embodiment, are optionally both or singularly labelled with reporter molecules capable of 
providing separate identifiable signals, i.e. signals which can be distinguished with respect 
to each other. Alternatively, the amplification is conducted using unlabelled primers and 
detection is accomplished by hybridization of a probe differential labelled at its 5' and 3' 
termini. In one aspect, at least one of the pairs of primers further comprise tag sequences 

20 having sense and complementary sequences immobilized to a solid support. In addition, 
one or both primers may either introduce or remove a restriction endonuclease site within 
the target sequence depending on the presence or absence of a mutation sought to be 
detected. Alternatively, the primers may differentially hybridize to a target sequence. 
Following amplification to incorporate the tag sequence, if present, and reporter molecules 

25 and, in one embodiment, to add or remove a restriction endonuclease site, the amplified 
product is digested with the enzyme whose site has been introduced or removed and 
single-stranded forms subjected to immobilization conditions on the solid support. The 
presence or absence of the mutation or polymorphism determines whether the restriction 
endonuclease digests the target sequence and this in turn affects whether or not the reporter 

30 molecules on the respective primers are present on the captured amplified products. Due to 
the differential nature of the signals produced by the reporter molecules, a determination 
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can be made as to the presence or absence of the mutation or polymorphism. One 
particular form of this embodiment is shown in Figure 1. In another embodiment, 
differential restriction endonuclease digestion is assessed electrophoretically. In this 
embodiment, the tag sequence may still be present but is not required for electrophoretic 
5 separation. In one particular embodiment, amplification primers are employed without any 
reporter molecules being attached. In a further embodiment, one or both primers comprises 
chemically modified bases, nucleotides or phosphate linkages rendering the strand resistant 
to exonuclease digestion. This permits the generation of single-stranded DNA molecules. 
The presence or absence of a restriction endonuclease site is then determined by 
10 hybridizing a probe molecule comprising two different reporter molecules to a region 
encompassing the putative restriction site. This partial double-stranded DNA is then 
subjected to restriction endonuclease digestion and analyzed as above. One form of this 
particular embodiment is shown in Figure 4. 

1 5 Accordingly, one aspect of the present invention contemplates method for determining the 
presence or absence of a homozygous or heterozygous change in one or more nucleotides 
within a target nucleotide sequence, said method comprising:- 

amplifying said target nucleotide sequence using forward and reverse 
20 primers to produce an amplified product, wherein at least one of said primers is labelled 
with a reporter molecule capable of facilitating the provision of an identifiable signal 
which can be distinguished from another reporter molecule if both primers are labelled and 
wherein at least one primer and its complementary form comprises a complementary 
sequence to an oligonucleotide sequence anchored to a solid support and wherein one or 
25 more of said forward or reverse primers introduces, abolishes or hybridizes to a target site 
within the amplified product in the presence or absence of a change in one or more 
nucleotides, and 

subjecting said amplified product to detection means. 

30 

Another aspect of the present invention provides a method for determining the presence or 
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absence of a homozygous or heterozygous change in one or more nucleotides within a 
target nucleotide sequence, said method comprising: 

amplifying said target nucleotide sequence using forward and reverse 
5 primers to produce an amplified product wherein each of said primers is labelled with a 
reporter molecule capable of facilitating the provision of an identifiable signal which can 
be distinguished from each other and wherein at least one primer and its complementary 
form comprises a complementary sequence to an oligonucleotide sequence anchored to a 
solid support and wherein one or more said forward or reverse primers introduces or 
10 abolishes a restriction endonuclease site within the amplified product in the presence or 
absence of a change in one or more nucleotides; 

digesting the amplified product with the restriction endonuclease whose site 
has been potentially introduced or abolished in said amplified product and subjecting 
15 single-stranded forms of the amplified product subjected to hybridization to conditions to 
permit annealing to a set of said immobilized oligonucleotides comprising oligonucleotides 
which are sense or complementary to a portion of the amplified sequence introduced by at 
least one primer; and 

20 detecting the relative proportion of signal by the reporter molecules wherein 

an equal proportion of different signals or the substantial presence of only one signal 
^ represents a homozygous presence or absence of change in the target nucleotide sequence 
and wherein the presence of a differential signal represents a heterozygous presence or 
absence of said change in target nucleotide sequence. 

25 

In another embodiment, the present invention contemplates a method for determining the 
presence or absence of a homozygous or heterozygous change in one or more nucleotides 
within a target nucleotide sequence, said method comprising:- 

30 amplifying said target nucleotide sequence using forward and reverse 

primers to produce an amplified product wherein one primer comprises one or more 
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chemically modified nucleotides, bases or phosphodiester bonds such that a nucleotide 
strand which extends from said primer is substantially resistant to exonuclease activity and 
wherein the other primer comprises a nucleotide sequences having sense and 
complementary sequences immobilized to a solid support and wherein one or more said 
5 forward or reverse primers introduces or abolishes a restriction endonuclease site within 
the amplified product in the presence or absence of a change in one or more nucleotides; 

digesting the amplified product with an exonuclease to digest the strand not 
amplified by the primer comprising the exonuclease-resistant nucleotides, bases or 
10 phosphodiester linkages to generate a single-stranded nucleic acid molecule comprising the 
potential presence or absence of a restriction endonuclease site and a nucleotide sequence 
complementary to an oligonucleotide sequence immobilized to said solid support; 

hybridizing to said single-stranded nucleic acid molecule a probe that 
15 contains complementarity to the restriction site that may have been introduced to generate 
a partial double-stranded molecule wherein the probe comprises two reporter molecules 
capable of facilitating the provision of identifiable signals which can be distinguished from 
each other; 

20 digesting the partially double-stranded molecule with the restriction 

endonuclease whose site has been potentially introduced or abolished in said amplified 
product and subjecting the digested molecule to conditions to permit annealing to a set of 
said immobilized oligonucleotides comprising oligonucleotides which are sense or 
complementary to a portion of the amplified sequence introduced by at least one primer; 

25 and 

detecting the relative proportion of signal by the reporter molecules wherein 
an equal proportion of different signals or the substantial presence of only one signal 
represents a homozygous presence or absence of change in the target nucleotide sequence 
30 and wherein the presence of a differential signal represents a heterozygous presence or 
absence of said change in target nucleotide sequence. 
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Another aspect of the present invention contemplates a method for determining the 
presence or absence of a homozygous or heterozygous change in one or more nucleotides 
within a target nucleotide sequence, said method comprising: 

5 

amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product wherein each of said primers is labelled with a 
reporter molecule capable of facilitating the provision of an identifiable signal which can 
be distinguished from each other and wherein one or more of said forward or reverse 
10 primers introduces or abolishes a restriction endonuclease site within the amplified product 
in the presence or absence of a change in one or more nucleotides; and 

digesting the amplified product with the restriction endonuclease whose site 
has been potentially introduced or abolished in said amplified product and subjecting the 
15 amplified product subjected to digestion to conditions to permit electrophoretic separation 
of said digested products wherein the pattern of electrophoretic separation and/or the 
pattern of reporter molecule signalling is indicative of the homozygous presence or 
absence or the heterozygous presence or absence of said change in target sequence. 

20 In a related embodiment, the present invention provides a method for determining the 
presence or absence of a homozygous or heterozygous change in one or more nucleotides 
within a target nucleotide sequence such as but not limited to, said method comprising:- 

amplifying said target nucleotide sequence using forward and reverse 
25 primers to produce an amplified product wherein one or more of said forward or reverse 
primers introduces or abolishes a restriction endonuclease site within the amplified product 
in the presence or absence of a change in one or more nucleotides; and 

digesting the amplified product with the restriction endonuclease whose site 
30 has been potentially introduced or abolished in said amplified product and subjecting the 
amplified product subject to digestion to conditions to permit electrophoretic separation of 
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said digested products wherein the pattern of electrophoretic separation is indicative of the 
homozygous presence or absence or the heterozygous presence or absence of said change 
in target sequence. 

5 A further aspect of the present invention provides a method for determining the presence 
or absence of a homozygous or heterozygous change in one or more nucleotides within a 
target nucleotide sequence, said method comprising: 

amplifying said target nucleotide sequence using forward and reverse 
10 primers to produce an amplified product wherein each of said primers is labelled with a 
reporter molecule capable of facilitating the provision of an identifiable signal which can 
be distinguished from each other and wherein at least one primer and its complementary 
form comprises a complementary sequence to an oligonucleotide sequence anchored to a 
solid support and wherein one or more said forward or reverse primers introduces a 
15 restriction endonuclease site within the amplified product in the absence of a change in one 
or more nucleotides; 

digesting the amplified product with the restriction endonuclease whose site 
has been potentially introduced in said amplified product and subjecting single-stranded 
20 forms of the amplified product subjected to hybridization to conditions to permit annealing 
to a set of said immobilized oligonucleotides comprising oligonucleotides which are 
complementary to a portion of at least one primer sequence or its complementary 
sequence; and 

25 detecting the relative proportion of signal by the reporter molecules wherein 

an equal proportion of different signals or the substantial presence of only one signal 
represents a homozygous presence or absence of change in the target nucleotide sequence 
and wherein the presence of a differential signal represents a heterozygous presence or 
absence of said change in target nucleotide sequence. 



30 
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Yet another aspect of the present invention further provides an assay device for 
determining the presence or absence of a nucleotide or group of nucleotides in a nucleic 
acid molecule comprising an array of immobilized oligonucleotides each complementary 
to a nucleotide sequence within an amplified product digested by one or more restriction 
5 endonucleases and means to screen for the hybridization of a target sequence to the 
immobilized oligonucleotide array. 



Dwcnnrm. ✓wo 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a diagrammatic representation of the genetic assay to determine the 
homozygous presence or absence or the presence in heterozygous form of the 3 5 AG 
5 mutation in the connexin 26 gene. 

Figure 2 is a diagrammatic representation showing (A) wild-type (WT) target sequence for 
genetic testing for cystic fibrosis; (B) the WT sequence carrying two A-» C substitutions 
creating an Xcml site; (C) a CTT deletion destroys the Xcml site but creates a BstXl site. 

10 

Figure 3 is a photographic representation showing electrophoretic separation of amplified 
products following amplification of DNA putatively encoding a AF508 mutation. The 
target sequence is set forth in <400>2 (Example 4). X, Xcml; B, BstXl; m, marker; N/N, 
homozygous normal; AF508/AF508, homozygous mutation; N/AF508, heterozygous 
1 5 mutation. 

Figure 4 is a diagram of a genetic assay to determine the homozygous presence or absence 
or the presence in heterozygous form of the 35 AG mutation in the connexin 26 gene. This 
is a modified version of the method described in Figure 1. The method uses a dually 
20 labelled probe which is annealed to single-stranded DNA as they cleaved. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides inter alia a genetic assay to determine the homozygous 
presence or absence of a particular nucleotide or sequence of nucleotides and whether a 
5 particular nucleotide or nucleotide sequence is present in heterozygous form. 

Accordingly, one aspect of the present invention contemplates a method for determining 
the presence or absence of a homozygous or heterozygous change in one or more 
nucleotides within a target nucleotide sequence, said method comprising:- 

10 

amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product, wherein at least one of said primers is labelled 
with a reporter molecule capable of facilitating the provision of an identifiable signal 
which can be distinguished from another reporter molecule if both primers are labelled, 
15 and wherein at least one primer and its complementary form comprises a complementary 
sequence to an oligonucleotide sequence anchored to a solid support, and wherein one or 
more of said forward or reverse primers introduces, abolishes or hybridizes to a target site 
within the amplified product in the presence or absence of a change in one or more 
nucleotides, and 

20 

subjecting said amplified product to detection means. 

Preferably, the forward and reverse primers introduce or abolish a restriction endonuclease 
site. 

25 

Accordingly, this aspect of the present invention provides a method for determining the 
presence or absence of a homozygous or heterozygous change in one or more nucleotides 
within a target nucleotide sequence, said method comprising: 



30 



amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product wherein each of said primers is labelled with a 



WO 02/50305 



PCT/AU01/01643 



- 13- 

reporter molecule capable of facilitating the provision of an identifiable signal which can 
be distinguished from each other and wherein at least one primer and its complementary 
form comprises a complementary sequence to an oligonucleotide sequence anchored to a 
solid support and wherein one or more said forward or reverse primers introduces or 
5 abolishes a restriction endonuclease site within the amplified product in the presence or 
absence of a change in one or more nucleotides; 

digesting the amplified product with the restriction endonuclease whose site 
has been potentially introduced or abolished in said amplified product and subjecting 
*10 single-stranded forms of the amplified product subjected to hybridization to conditions to 
permit annealing to a set of said immobilized oligonucleotides comprising oligonucleotides 
which are sense or complementary to a portion of the amplified sequence introduced by at 
least one primer; and . 

15 detecting the relative proportion of signal by the reporter molecules wherein 

an equal proportion of different signals or the substantial presence of only one signal 
represents a homozygous presence or absence of change in the target nucleotide sequence 
and wherein the presence of a differential signal represents a heterozygous presence or 
absence of said change in target nucleotide sequence. 

20 

In a related embodiment, differential restriction endonuclease digestion may be determined 
electrophoretically. 

Accordingly, another aspect of the present invention contemplates a method for 
25 determining the presence or absence of a homozygous or heterozygous change in one or 
more nucleotides within a target nucleotide sequence, said method comprising: 

amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product wherein each of said primers are labelled with a 
30 reporter molecule capable of facilitating the provision of an identifiable signal which can 
be distinguished from each other and wherein one or more of said forward or reverse 
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primers introduces or abolishes a restriction endonuclease site within the amplified product 
in the presence or absence of a change in one or more nucleotides; and 

digesting the amplified product with the restriction endonuclease whose site 
5 has been potentially introduced or abolished in said amplified product and subjecting the 
digested amplified product to conditions to permit electrophoretic separation of said 
digested products wherein the pattern of electrophoretic separation and/or the pattern of 
reporter molecule signalling is indicative of the homozygous presence or absence or the 
heterozygous presence or absence of said change in target sequence. 

10 

In a related embodiment, where electrophoretic separation is employed, the amplification 
primers are not labelled with a reporter molecule and/or tag sequence. According to this 
embodiment, the present invention contemplates a method for determining the presence or 
absence of a homozygous or heterozygous change in one or more nucleotides within a 
15 target nucleotide sequence such as but not limited to, said method comprising:- 



amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product wherein one or more of said forward or reverse 
primers introduces or abolishes a restriction endonuclease site within the amplified product 
20 in the presence or absence of a change in one or more nucleotides; and 

digesting the amplified product with the restriction endonuclease whose site 
has been potentially introduced or abolished in said amplified product and subjecting the 
amplified product subject to digestion to conditions to permit electrophoretic separation of 
25 said digested products wherein the pattern of electrophoretic separation is indicative of the 
homozygous presence or absence or the heterozygous presence or absence of said change 
in target sequence. 



The present invention contemplates both the introduction of a restriction site or the 
30 abolition of a restriction site although the introduction of a restriction site in, for example, 
a wild-type or "non-mutation" sequence is preferred. 
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According to this preferred embodiment, the present invention provides a method for 
determining the presence or absence of a homozygous or heterozygous change in one or 
more nucleotides within a target nucleotide sequence, said method comprising: 

5 

amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product wherein each of said primers is labelled with a 
reporter molecule capable of facilitating the provision of an identifiable signal which can 
be distinguished from each other and wherein at least one primer and its complementary 
10 form comprises a complementary sequence to an oligonucleotide sequence anchored to a 
solid support and wherein one or more said forward or reverse primers introduces a 
restriction endonuclease site within the amplified product in the absence of a change in one 
or more nucleotides; 

15 digesting the amplified product with the restriction endonuclease whose site 

has been potentially introduced in said amplified product and subjecting single-stranded 
forms of the amplified product subjected to hybridization to conditions to permit annealing 
to a set of said immobilized oligonucleotides comprising oligonucleotides which are 
complementary to a portion of each primer sequence or its complementary sequence; and 

20 

detecting the relative proportion of signal by the reporter molecules wherein 
\ an equal proportion of different signals or the substantial presence of only one signal 
represents a homozygous presence or absence of change in the target nucleotide sequence 
and wherein the presence of a differential signal represents a heterozygous presence or 
25 absence of said change in target nucleotide sequence. 

This aspect of the present invention further extends to electrophoretic separation to 
determine differential restriction endonuclease digestion. 

30 The restriction site may be introduced or abolished by either the forward primer or the 
reverse primer. In one particularly useful embodiment, the forward primer is used to 
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introduce a restriction site. 

Accordingly, another aspect of the present invention is directed to a method for 
determining the presence or absence of a homozygous or heterozygous change in one or 
5 more nucleotides within a target nucleotide sequence, said method comprising: 

amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product wherein said primers are labelled with a reporter 
molecule capable of facilitating the provision of an identifiable signal which can be 
10 distinguished from each other and wherein at least one primer and its complementary form 
comprises a complementary sequence to an oligonucleotide sequence anchored to a solid 
support and wherein said forward primer introduces a restriction endonuclease site within 
the amplified product in the absence of a change in one or more nucleotides; 

15 digesting the amplified product with the restriction endonuclease whose site 

has been potentially introduced in said amplified product and subjecting single-stranded 
forms of the amplified product subjected to hybridization to conditions to permit annealing 
to a set of said immobilized oligonucleotides comprising oligonucleotides which are 
complementary to a portion of the at least one primer sequence or its complementary 

20 sequence; and 

detecting the relative proportion of signal by the reporter molecules wherein 
an equal proportion of different signals or the substantial presence of only one signal 
represents a homozygous presence or absence of change in the target nucleotide sequence 
25 and wherein the presence of a differential signal represents a heterozygous presence or 
absence of said change in target nucleotide sequence. 

In an alternative embodiment, the target sequence is amplified with an unlabelled set of 
primers. This is particularly useful for electrophoretic detection-based assays (e.g. for 
30 cystsic fibrosis). Alternatively, again unlabelled primers are used but one of the primers 
comprises one or more nucleotides which are chemically modified at the nucleotide or base 
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level or wherein the phosphodiester linkage is modified so as to provide resistance to an 
exonuclease. A "chemically modified" base or nucleotide includes a nucleotide or base 
chemical analog. One example of a chemical modification is a phosphorothioate 
modification or a propyne modification. In essence, the chemical modification 
5 encompasses any modification which substantially inhibits the function of an exonuclease. 
In a particularly preferred embodiment, the chemical modification is a phosphorothioate 
modification. 

The primers are also selected such that one or other of the primers introduce or abolish a 
10 restriction endonuclease site as described above. Furthermore, as above, at least one of the 
primers carries a sequence of nucleotides having a sense or complementary sequence in an 
oligonucleotide immobilized to a solid support. 

After amplification, the resulting amplicon is subjected to exonuclease digestion. A DNA 
15 strand comprising the primer with one or more chemically modified nucleotide bases or 
phosphodiester linkages is generally immune from exonuclease cleavage. Accordingly, the 
exonuclease digests only the complementary strand leaving a single- stranded DNA 
comprising an introduced or abolished restriction site and a nucleotide sequence having a 
sense or complementary sequence in an oligonucleotide immobilized to a solid support. 
20 The single-stranded nucleotide sequence is then contacted by a nucleotide probe that 
contains complementarity to the restriction site that may have been introduced. The probe 
comprises two reporter molecules, preferably at its 5' and 3' ends and hybridizes to a 
region encompassing the introduced or abolished restriction endonuclease site. This 
hybridization results in a partial double-stranded molecule. This molecule is then subjected 
25 to digestion conditions. Depending on whether or not the restriction endonuclease site has 
been abolished will dictate whether or not the probe is cleaved. One aspect of this method 
is described in Figure 4. 

Accordingly, another aspect of the present invention contemplates a method for 
30 determining the presence or absence of a homozygous or heterozygous change in one or 
more nucleotides within a target nucleotide sequence, said method comprising:- 
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amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product wherein one primer comprises one or more 
chemically modified nucleotides, bases or phosphodiester bonds such that a nucleotide 
5 strand which extends from said primer is substantially resistant to exonuclease activity and 
wherein the other primer comprises a nucleotide sequences having sense and 
complementary sequences immobilized to a solid support and wherein one or more said 
forward or reverse primers introduces or abolishes a restriction endonuclease site within 
the amplified product in the presence or absence of a change in one or more nucleotides; 

10 

digesting the amplified product with an exonuclease to digest the strand not 
amplified by the primer comprising the exonuclease-resistant nucleotides, bases or 
phosphodiester linkages to generate a single-stranded nucleic acid molecule comprising the 
potential presence or absence of a restriction endonuclease site and a nucleotide sequence 
15 complementary to an oligonucleotide sequence immobilized to said solid support; 

hybridizing to said single-stranded nucleic acid molecule a probe that 
contains complementarity to the restriction site that may have been introduced to generate 
a partial double-stranded molecule wherein the probe comprises two reporter molecules 
20 capable of facilitating the provision of identifiable signals which can be distinguished from 
each other; 

A. 

digesting the double-stranded molecule with the restriction endonuclease 
whose site has been potentially introduced or abolished in said amplified product and 
25 subjecting the digested molecule to conditions to permit annealing to a set of said 
immobilized oligonucleotides comprising oligonucleotides which are sense or 
complementary to a portion of the amplified sequence introduced by at least one primer; 
and 



30 detecting the relative proportion of signal by the reporter molecules wherein 

an equal proportion of different signals or the substantial presence of only one signal 
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represents a homozygous presence or absence of change in the target nucleotide sequence 
and wherein the presence of a differential signal represents a heterozygous presence or 
absence of said change in target nucleotide sequence. 

5 The target nucleotide sequence is generally in a eukaryotic cell such as a mammalian 
(including a human, primate, livestock animal, laboratory test animal or companion animal 
cell) or plant cell. In one particularly useful embodiment, the target nucleotide sequence is 
in a human cell. Furthermore, the target nucleotide sequence generally encompasses a 
nucleotide sequence of, for example, a structural gene or regulatory gene or 3' or 5' 

10 regulatory nucleotide sequences or promoter sequences which are associated with a 
particular disease condition. Disease conditions encompassed by this aspect of the present 
invention include but are not limited to disease conditions associated with one or more 
mutations in one gene or genetic sequence or in a number of known genes or genetic 
sequences. Examples of disease conditions contemplated herein for detection include 

15 metabolic disorders such as adreno-leukodystrophy, atherosclerosis, gaucher disease, 
gyrate atrophy, juvenile onset diabetes, obesity, paroxysmal nocturnal hemoglobinuria, 
phenylketonuria, refsum disease, tangler disease and haemochromatosis conditions 
involving transporters, channels and pumps such as cystic fibrosis, deafness, diastrophic 
dysplasia, long-QT syndrome, Menkes syndrome, Pendred syndrome, polycystic kidney 
,.20 disease, sickle cell anaemia, Wilson's disease and Zellweger syndrome, conditions 
involving signal transduction such as ataxia telangiectasia, baldness, Cockayne syndrome, 
glaucoma, tuberous sclerosis, Waardenburg syndrome and Werner syndrome; conditions 
involving the brain such as Alzheimer's disease, amyotrophic lateral sclerosis, Angleman 
syndrome, Charcot-Marie-Tooth disease, epilepsy, essential tremor, fragile X syndrome, 

25 Friedreich's ataxia, Huntington's disease, Niemann-Pick disease, Parkinson's disease, 
Prader-Willi syndrome, Rett syndrome, spinocerebella atrophy and William's syndrome; 
and conditions involving the skeleton such as Duchenne muscular dystrophy, Ellis-van 
Creveld syndrome, Marfan syndrome and myotonic dystrophy. 

30 Some of the conditions contemplated herein are associated with aberrations in more than 
one gene or genetic sequence and, hence, an assay may require the interrogation of a 
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number of genes for potential changes in nucleotide sequences associated with a disease 
condition. 

Furthermore, the instant invention extends to detecting mutations and polymorphisms in a 
5 range of animal and plant cells. The present invention is particularly useful, for example, in 
screening for polymorphic variants in the genome of plants such as during the tissue 
culture stages of plant propagation. The ability to identify polymorphic variants in plants 
such as due to somaclonal variation will prevent unnecessary resources being wasted on 
plants with undesired properties. 

10 

A change in nucleotide sequence at the homozygous or heterozygous level is useful for 
determining the potential seriousness of the disease and in detecting potential carriers of 
the disease condition. Preferably, the change affects a single nucleotide such as a 
nucleotide substitution, addition or deletion. 

15 

The reporter molecule is any molecule capable of facilitating the provision of an 
identifiable signal. Suitable reporter molecules include but are not limited to 
chloramphenicol which can be acetylated with radioactive acetate groups, colourless 
galactosidases which may be hydrolyzed by galactosidases to yield coloured products, 

20 colourless glucuronides which may be hydrolyzed by glucuronides to yield coloured 
products and-fluorescent products, luciferin which maybe oxidized by luciferase to release 
photons and green fluorescent protein which may be irradiated by U.V. light to emit 
photons and to fluoresce. A range of other enzyme-mediated, fluorescent, 
chemiluminescent and radioactive markers may also be employed. The reporter molecule 

25 may, therefore, directly or indirectly provide a signal. 

Any restriction endonuclease site may be introduced. Suitable sites are recognized by the 
following restriction enzymes: Aatl y Aatll y Aaul, Acc\\3l y Acc\6l y Acc651 y AccB\\ y 
AccBl\ y AccBSl y Accl y AccU y Acclll, AceUI y Acil, Acll, AclNI, AclWI, Acsl, Acyl, Adel, 
30 Afal, Afel, A/Ill, AfIUl y Agel, AhaUl y Ahdl y Alu\ Alw2U y Alw26l y Alw44I y AM, AlwNl y 
AmaS7l y Aoc\ y Aor5\Ul y ApaBl y Apa\ y ApalA 9 Apol y Ascl y Asel y AsiAl, Asnl y Asp700l y 
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Asp7l&l, AspEI, AspHl, Aspl, AspLEl, AspS9l, AsuCU, AsuHPl, Asul,AsuFL, AsuNHI, 
Aval, Avail, AvaHl, Avill, AvrU, Axyl, Bael, Ball, BamHl, Bard, BanU, BanUl, Bbel, 
BbiU, BbrPl, Bbsl, Bbul, Bbv\21, BbvCl, Bbvl, BbvU, Bed, BceZ31, Bcefl, Bcgl, BciVl, 
Ben, Bcnl, Bcol, Bcul, Betl, Bfal, BJil, Bfml, Bfrl, BgO, BglE, Binl, Blnl, Blpl, BmelZl, 
5 Bmgl, Bmrl, Bmyl, Bpil, BpR, Bpml, BpulOl, Bpu\ 1021, BpuUl, BpuAl, Bsa291, BsaAl, 
Bsa&l, BsaKl, Bsal, BsaJl, BsaMl, BsaOl, BsaWl, BsaXl, Bsbl, Bsc41, BscBl, BscCl, 
BscFl, BscGl, Bscl, Bsel 181, Bsell, BseHl, Bse3T>l, BseSl, BseAl, BseCl, BseDl, BseGl, 
BseLl, BseMU, BseNl, BsePl, BseRl, BseX31, Bsgl, Bsh 12361, Bsh 12851, Bsh 13651, Bshl, 
BshNl, BsiBl, BsiCl, BsiEl, BsiHKAl, Bsil, BsiLl, BsiML, BsiQl, BsiSl, BsiWl, BsiXl, 

10 BsiYl, BsiZl, Bsfl, BsmAl, BsmBl, BsmFl, Bsml, BsoBl, Bspl061, Aspl 191, £spl20I, 
Bspl2S61, Bspl31, Bsp\4071, Bsp\431, Bspl4311, Bsp\1201, Bsp\91, Bsp241, Bsp6Sl, 
BspAll, BspCl, BspDl, BspEl, BspGl, BspHl, BspLl, BspUJIU, BspMl, BspMU, BspTl, 
BspXl, BsrBl, BsrBRl, BsrDl, BsrFl, BsrGl, Bsrl, BsrSl, BssAl, BssHll, BssKl BssNAl, 
BssSl, BssTll, Bstl 1071, Bst2Bl, Bst2Ul, Bst4Cl, BstlM, Bst981, Bst ACI, Bst API, BstBAl, 

15 BstBl, BstDEl, BstVSl, BstEU, BstF51, BstH21, BstUPl, BstMCl, BstNl, BstNSl, BstOl, 
BstPI, BstSFl, BstSNl, BstUl, BstX.21, BstXl, BstYl, BstZUl, BstZl, BsulSl, Bsu361, 
Bsu61, BsuRl, Btgl, Btsl, CacZl, Caull, Cbil, CciNl, CeM, Cfol, CfrlOl, Cfr\31, Cfr421, 
Cfr91, Cfrl, Cjel, CjePl, Clal, Cpol, Csp4Sl, Csp6l, Cspl, Cv/JI, CviPl, Cvnl, Ddel, Dpnl, 
Dpnll, Dral, Droll, Dralll, Drdl, Drall, Dsal, DseDl, Eael, Eagl, Eam\\041, Eaml\051, 

20 Earl, Ecil, Ecll36U, EclHKl, EcDCl, £col05I, £col30I, EcoUll, Eco241, Eco2551, 
Eco3\l, Eco321, Eco411, Eco41Yll, Eco521, Eco511, Eco641, Ecol21, £co81I, EcoS81, 
Eco9U, EcolCRl, EcoNl, EcoO1091, Eco06Sl, EcoRl, EcoRll, EcoRV, EcoT141, 
Ecdl221, Ecol381, Egel, Ehel, Erhl, Esp\3961, Esp31, Espl, Faul, FauNDl, Fbal, Finl, 
Fnu4Hl, FnuDU, Fokl, FriOl, Fsel, Fsp4Hl, Fspl, GdOl, Gsul, Hael, HaeU, HaeUl, 

25 HaelV, HaplI, Hgal, HgiAl, HgiCl, HgiEl, HgiEtt, HgiJU, Hhal, Hinll, Hinll, HinAl, 
Hin61, Hincll, Hindll, Hindlll, Hintt, HiriPU, Hpal, HpdH, Hphl, Hsp921, Hsp92U, 
HspAl, Ital, Kasl, Kpn21, Kpnl, Ksp221, Ksp6321, KspAl, Kspl, Kzo91, Lspl, Mael, Maell, 
Maelll, Maml, Mbil, Mbol, MboU, Mcrl, Mfel, Mfll, Mlsl, Mlul, MluNl, MlylUI, Mmel, 
MnR, Mphl 1031, Mrol, MroNl, MroXl, Msd, Msel, MsK, Msplll, Msp All, MspCl, Mspl, 

30 MspR91, Mstl, Muni, Mva 12691, Mval, Mvnl, Mwol, Nael, Narl, Neil, Ncol, Ndel, NdeU, 
NgoATV, NgoMPV (previously known as NgoMl), Nhel, NlaTLl, MaTV, Noil, NruGl, Nrul, 



WO 02/50305 



PCT/AU01/01643 



-22- 

Nsbl Aft/I, NspBU, Nspl 9 NspV, Pad, Pael, PaeRU, Pagl 9 Pall, Paul, Pfl\ 1081, 7^72311, 
P/IFl, PflMl, PinAl, Ple\9l, Plel, PmaCl, Pme55l, Pmel> Pmll, Ppu\0l 9 PpuMl, PshAl, 
PshBl, Pspl24Bl 9 Pspl406l, PspSB, PspAl, PspEl, PsplA, PspNAl, PspOMl, PspPPl, 
Pstl, Pvul, Pvull, Real, RleAl, Rsal >/L RsrlI 9 Sacl, Sacll, San, SanDl, Sapl, Sau3M 9 Sau96l, 
5 Saul, Sbfl, Seal, Schl, ScrFl, Sdal 9 Sdul, Secl 9 SexM, SfaNl, Sfcl, Sfel, Sfil, Sfol, SfrllAl, 
Sfr3Q3l, Sful, Sgfl, SgrAl, Siml, Sinl, Smal 9 Smil 9 Smll, SnaBl, Snal, Spel, Sphl 9 Sptl 9 Srfl, 
SseS3S7l 9 Sse8647l, Sse9l, SseBl, SspBl, Sspl, Sstl, Sstll, Stul, Styl, Sunl, Swal, Tail, Taql, 
TagU, Tail, Taul, Tfil, Thai, Trull, Tru9l, Tscl, Tsel 9 Tsp45l 9 Tsp4Cl 9 Tsp509l 9 TspEl, 
TspKl, Tthllll, mi 1111, TthHBSl, UbdDl, UbaEl, UbaU, UbaOl, Van9ll 9 Vha464l 9 
1 0 Vnel, Vspl, Xagl, Xbal, Xcml, Xhol 9 XhoU, XmaCl, Xmal, XmaJll and Xmnl, Zspll. 

The solid support is typically glass or a polymer, such as but not limited to, cellulose, 
ceramic material, nitrocellulose, polyacrylamide, nylon, polystyrene and its derivatives, 
polyvinylidene difluoride (PVDF), methacrylate and its derivatives, polyvinyl chloride or 

15 polypropylene. Nitrocellulose may also be used. Glass is particularly preferred. A solid 
support may also be a hybrid such as a nitrocellulose film supported on a glass or polymer 
matrix. Reference to a "hybrid" includes reference to a layered arrangement of two or more 
glass or polymer surfaces listed above. The solid support may be in; the form of a 
membrane or tubes, beads, discs or microplates, or any other surface suitable for 

20 conducting an assay. Binding processes to immobilize the molecules are well-known in the 
art and generally consist of covalently binding (e.g. cross linking) or physically adsorbing 
the molecules to the solid substrate. 

The term "complementary" refers to the topological capability or matching together of 
25 interacting surfaces of an oligonucleotide probe and its target oligonucleotide, which may 
be part of a larger polynucleotide. Thus, the target and its probe can be described as 
complementary, and furthermore, the contact surface characteristics are complementary to 
each other. Complementary includes base complementarity such as A is complementary to 
T or U, and C is complementary to G in the genetic code. However, this invention also 
30 encompasses situations in which there is non-traditional base-pairing such as Hoogsteen 
base pairing which has been identified in certain transfer RNA molecules and postulated to 
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exist in a triple helix. In the context of the definition of the term "complementary", the 
terms "match" and "mismatch" as used herein refer to the hybridization potential of paired 
nucleotides in complementary nucleic acid strands. Matched nucleotides hybridize 
efficiently, such as the classical A-T and G-C base pair mentioned above. Mismatches are 
5 other combinations of nucleotides that hybridize less efficiently. 

The term "oligonucleotide" as used herein refers to a polymer composed of a multiplicity 
of nucleotide residues (deoxyribonucleotides or ribonucleotides, or related structural 
variants or synthetic analogs thereof) linked via phosphodiester bonds (or related structural 

10 variants or synthetic analogs thereof). Thus, while the term "oligonucleotide" typically 
refers to a nucleotide polymer in which the nucleotide residues and linkages between them 
are naturally occurring, it will be understood that the term also includes within its scope 
various analogs including, but not restricted to, peptide nucleic acids (PNAs), 
phosphoramidates, phosphorothioates, methyl phosphonates, 2-O-methyl ribonucleic acids, 

15 and the like. The exact size of the molecule can vary depending on the particular 
application. An oligonucleotide is typically rather short in length, generally from about 8 to 
50 nucleotides, preferably 8 to 30 nucleotides, more preferably from about 10 to 20 
nucleotides and still more preferably from about 11 to 17 nucleotides, but the term can 
refer to molecules of any length, although the term "polynucleotide" or "nucleic acid" is 

20 typically used for large oligonucleotides. Oligonucleotides may be prepared using any 
suitable method, such as, for example, the phosphotri ester method as described in an 
^ article by Narang et al {Methods Enzymol 68: 90, 1979) and U.S. Patent No. 4,356,270. 
Alternatively, the phosphodiester method as described in Brown et al. (Methods Enzymol 
68: 109, 1979) may be used for such preparation. Automated embodiments of the above 

25 methods may also be used. For example, in one such automated embodiment, 
diethylphosphoramidites are used as starting materials and may be synthesized as 
described by Beaucage et al (Tetrahedron Letters 22: 1859-1862, 1981). Reference also 
may be made to U.S. Patent Nos. 4,458,066 and 4,500,707, which refer to methods for 
synthesizing oligonucleotides on a modified solid support. It is also possible to use a 

30 primer, which has been isolated from a biological source (such as a denatured strand of a 
restriction endonuclease digest of plasmid or phage DNA). In a preferred embodiment, the 
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oligonucleotide is synthesized according to the method disclosed in U.S. Patent No. 
5,424,186 (Fodor et al). This method uses lithographic techniques to synthesize a plurality 
of different oligonucleotides at precisely known locations on a substrate surface. 

5 The terms "array" and in particular "DNA array" or "oligonucleotide array" refer to a 
substrate having oligonucleotide probes with different known sequences deposited at 
discrete known locations associated with its surface. For example, the substrate can be in 
the form of a two-dimensional substrate as described in U.S. Patent No. 5,424,186. Such 
substrate may be used to synthesize two-dimensional spatially addressed oligonucleotide 

10 (matrix) arrays. Alternatively, the substrate may be characterized in that it forms a tubular 
array in which a two-dimensional planar sheet is rolled into a three-dimensional tubular 
configuration. The substrate may also be in the form of a microsphere or bead connected to 
the surface of an optic fibre as, for example, disclosed by Chee et al. in WO 00/39587. 
Oligonucleotide arrays have at least two different features and a density of at least 400 

15 features per cm 2 . In certain embodiments, the arrays can have a density of about 500, at 
least one thousand, at least 10 thousand, at least 100 thousand, at least one million or at 
least 10 million features per cm 2 . For example, as stated above, the substrate may be 
silicon or glass and can have the thickness of a glass microscope slide or a glass cover slip, 
or may be composed of other synthetic polymers. Substrates that are transparent to light 

20 are useful when the method of performing an assay on the substrate involves optical 
detection. The term also refers to a probe array and the substrate to which it is attached that 
form part of a wafer. 

The term "probe" refers to an oligonucleotide molecule that binds to a specific target 
25 sequence or other moiety of another nucleic acid molecule. Unless otherwise indicated, the 
term "probe" in the context of the present invention typically refers to an oligonucleotide 
probe that binds to another oligonucleotide or polynucleotide, often called the "target 
polynucleotide", through complementary base pairing. Probes can bind target 
polynucleotides lacking complete sequence complementarity with the probe, depending on 
30 the stringency of the hybridization conditions. 
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Oligonucleotide probes may be selected to be "substantially complementary" to a target 
sequence as defined herein. The exact length of the oligonucleotide probe will depend on 
many factors including temperature and source of probe and use of the method. For 
example, depending upon the complexity of the target sequence, the oligonucleotide probe 
5 may typically contain 8 to 50 nucleotides, preferably 8 to 30 nucleotides, more preferably 
from about 10 to 20 nucleotides and still more preferably from about 11 to 17 nucleotides 
capable of hybridization to a target sequence although it may contain more or fewer such 
nucleotides. 

10 The term "similarity" as used herein includes exact identity between compared sequences 
at the nucleotide or amino acid level. Where there is non-identity at the nucleotide level, 
"similarity" includes differences between sequences which result in different amino acids 
that are nevertheless related to each other at the structural, functional, biochemical and/or 
conformational levels. Where there is non-identity at the amino acid level, "similarity" 

15 includes amino acids that are nevertheless related to each other at the structural, functional, 
biochemical and/or conformational levels. In a particularly preferred embodiment, 
nucleotide and sequence comparisons are made at the level of identity rather than 
similarity. 

20 Terms used to describe sequence relationships between two or more polynucleotides or 
polypeptides include "reference sequence", "comparison window", "sequence similarity", 
"sequence identity", "percentage of sequence similarity", "percentage of sequence 
identity", "substantially similar" and "substantial identity". A "reference sequence" is at 
least 12 but frequently 15 to 18 and often at least 25 or above, such as 30 monomer units, 

25 inclusive of nucleotides and amino acid residues, in length. Because two polynucleotides 
may each comprise (1) a sequence (i.e. only a portion of the complete polynucleotide 
sequence) that is similar between the two polynucleotides, and (2) a sequence that is 
divergent between the two polynucleotides, sequence comparisons between two (or more) 
polynucleotides are typically performed by comparing sequences of the two 

30 polynucleotides over a "comparison window" to identify and compare local regions of 
sequence similarity. A "comparison window" refers to a conceptual segment of typically 
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12 contiguous residues that is compared to a reference sequence. The comparison window 
may comprise additions or deletions (i.e. gaps) of about 20% or less as compared to the 
reference sequence (which does not comprise additions or deletions) for optimal alignment 
of the two sequences. Optimal alignment of sequences for aligning a comparison window 
5 may be conducted by computerized implementations of algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics Software Package Release 7.0, Genetics 
Computer Group, 575 Science Drive Madison, WI, USA) or by inspection and the best 
alignment (i.e. resulting in the highest percentage homology over the comparison window) 
generated by any of the various methods selected. Reference also may be made to the 
10 BLAST family of programs as, for example, disclosed by Altschul et ah (Nucl. Acids Res. 
25: 3389. 1997). A detailed discussion of sequence analysis can be found in Unit 19.3 of 
Ausubel et aL ("Current Protocols in Molecular Biology*' John Wiley & Sons Inc, 1994- 
1998, Chapter 15.). 

15 The terms "sequence similarity" and "sequence identity" as used herein refers to the extent 
that sequences are identical or functionally or structurally similar on a nucleotide-by- 
nucleotide basis or an amino acid-by-amino acid basis over a window of comparison. 
Thus, a "percentage of sequence identity", for example, is calculated by comparing two 
optimally aligned sequences over the window of comparison, determining the number of 

20 positions at which the identical nucleic acid base (e.g. A, T, C, G, I) or the identical amino 
acid residue (e.g. Ala, Pro, Ser, Thr, Gly, Val, Leu, He, Phe, Tyr, Trp, Lys, Arg, His, Asp, 
Glu, Asn, Gin, Cys and Met) occurs in both sequences to yield the number of matched 
positions, dividing the number of matched positions by the total number of positions in the 
window of comparison (i.e., the window size), and multiplying the result by 100 to yield 

25 the percentage of sequence identity. For the purposes of the present invention, "sequence 
identity" will be understood to mean the "match percentage" calculated by the DNASIS 
computer program (Version 2.5 for windows; available from Hitachi Software engineering 
Co., Ltd., South San Francisco, California, USA) using standard defaults as used in the 
reference manual accompanying the software. Similar comments apply in relation to 

30 sequence similarity. 
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Reference herein to a low stringency includes and encompasses from at least about 0 to at 
least about 15% v/v formamide and from at least about 1 M to at least about 2 M salt for 
hybridization, and at least about 1 M to at least about 2 M salt for washing conditions. 
Generally, low stringency is at from about 25-30°C to about 42°C. The temperature may 
5 be altered and higher temperatures used to replace formamide and/or to give alternative 
stringency conditions. Alternative stringency conditions may be applied where necessary, 
such as medium stringency, which includes and encompasses from at least about 16% v/v 
to at least about 30% v/v formamide and from at least about 0.5 M to at least about 0.9 M 
salt for hybridization, and at least about 0.5 M to at least about 0.9 M salt for washing 

10 conditions, or high stringency, which includes and encompasses from at least about 31% 
v/v to at least about 50% v/v formamide and from at least about 0.01 M to at least about 
0.15 M salt for hybridization, and at least about 0.01 M to at least about 0.15 M salt for 
washing conditions. In general, washing is carried out T m = 69.3 + 0.41 (G+C)% (Marmur 
and Doty, J. MoL Biol. 5: 109, 1962). However, the T m of a duplex DNA decreases by 1°C 

15 with every increase of 1% in the number of mismatch base pairs (Bonner and Laskey, Eur. 
J. Biochem. 46: 83, 1974). Formamide is optional in these hybridization conditions. 
Accordingly, particularly preferred levels of stringency are defined as follows: low 
stringency is 6 x SSC buffer, 0.1% w/v SDS at 25-42°C; a moderate stringency is 2 x SSC 
buffer, 0.1% w/v SDS at a temperature in the range 20°C to 65°C; high stringency is 0.1 x 

20 SSC buffer, 0.1 % w/v SDS at a temperature of at least 65°C. 

The terms "target polynucleotide" or "target sequence" refer to a polynucleotide of interest 
(e.g. a single gene or polynucleotide) or a group of polynucleotides (e.g. a family of 
polynucleotides). The target polynucleotide can designate mRNA, RNA, cRNA, cDNA or 

25 DNA. The probe is used to obtain information about the target polynucleotide: whether the 
target polynucleotide has affinity for a given probe. Target polynucleotides may be 
naturally occurring or man-made nucleic acid molecules. Also, they can be employed in 
their unaltered state or as aggregates with other species. Target polynucleotides may be 
associated covalently or non-covalently, to a binding member, either directly or via a 

30 specific binding substance. A target polynucleotide can hybridize to a probe whose 
sequence is at least partially complementary to a sub-sequence of the target polynucleotide. 
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These terms are also used herein to refer to a chosen nucleotide sequence of at most 300, 
250, 200, 150, 100, 75, 50, 30, 25 or at most 15 nucleotides in length. Target sequences 
include sequences of at least 8, 10, 15, 25, 30, 35, 45, 50, 60, 70, 80, 90, 100, 120, 135, 
5 150, 175, 200, 250 and 300 nucleotides in length. Non-limiting examples of target 
sequences include, but are not restricted to, repeat sequences such as Alu repeat sequences, 
conserved or non-conserved regions of gene families, introns, promoter sequences 
including the Hogness Box and the TATA box, signal sequences, enhancers, protein- 
binding domains such as a homeobox, tymobox, polymorphisms and conserved protein 
10 domains or portions thereof. 

Hybridization and/or reporter signal data are processed to determine the presence or 
absence of a restriction endonuclease site. In a preferred embodiment, a digital computer is 
employed to correlate specific positional labelling on the array with the presence of any of 

15 the target sequences for which the probes have specificity of interaction. The positional 
information is directly converted to a database indicating what sequence interactions have 
occurred. Data generated in hybridization assays are most easily analyzed with the use of a 
programmable digital computer. The computer program product generally contains a 
readable medium that stores the codes. Certain files are devoted to memory that includes 

20 the location of each feature and all the target sequences known to contain the sequence of 
the oligonucleotide probe at that feature. Computer methods for analyzing hybridization 
data from nucleic acid arrays is taught in International Patent Publication No WO 
97/29212 and EP Publication 95307476.2. In a preferred embodiment, the programmable 
computer would contain specialist software code and register data derived from the entire 

25 sequence database, or containing that part of the entire sub-sequence database that is 
relevant to the particular probe array, and from the pattern of hybridization will assess the 
probability that particular target sequences were present in the tested DNA sample. 

The computer program product can also contain code that receives as input hybridization 
30 data from a hybridization reaction between a target sequence and an oligonucleotide probe. 
The computer program product can also include code that processes the hybridization data. 
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Data analysis can include the steps of determining, for example, the fluorescence intensity 
as a function of substrate position from the data collected, removing "outliers** (data 
deviating from a predetermined statistical distribution) and calculating the relative binding 
affinity of the target sequences from the remaining data. The resulting data can be 
5 displayed as an image with colour in each region varying according to the light emission or 
binding affinity between target sequences and probes therein. 

In one embodiment, the amount of binding at each address is determined by examining the 
on-off rates of the hybridization. For example, the amount of binding at each address is 
10 determined at several time points after the nucleic acid sample is contacted with the array. 
The amount of total hybridization can be determined as a function of the kinetics of 
binding based on the amount of binding at each time point. 

Persons of skill in the art can easily determine the dependence of the hybridization rate on 
15 temperature, sample agitation, washing conditions (e.g. pH, solvent characteristics, 
temperature) in order to maximise conditions for hybridisztion rate and signal to noise. 

The computer program product also can include code that receives instructions from a 
programmer as input. The computer program product may also transform the data into a 
20 format for presentation. 

In one embodiment, the computer program product for processing hybridization data 
comprises code that identifies for each target polynucleotide a combination of features in 
an oligonucleotide array whose probes facilitate specific detection of that polynucleotide; 

25 code that receives as input hybridization data from hybridization reactions between sample 
polynucleotides and the oligonucleotide probes in the array; code that processes the 
hybridisation data to determine whether the sample polynucleotides comprises any of the 
target polynucleotides by searching for hybridization patterns that match any of the 
predefined combinations of target sequences; codes that identify the presence of a reporter 

30 molecule-mediated signal; and a computer readable medium that stores the codes. It is not 
necessary to identify the sequence of respective oligonucleotide probes in each feature of 
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the array. In this respect, the hybridization analysis software only requires as input which 
combination of features in the array corresponds to a particular target polynucleotide. 
However, in a preferred embodiment, the computer program product comprises code that 
receives as input the sequence of an oligonucleotide probe in each feature of an 
5 oligonucleotide array and code that receives as input a database that contains information 
on the presence or absence of target sequences in target polynucleotides. 

Preferably the computer program product further comprises code that deduces the 
probability that the detected pattern of hybridization indicates the presence of a target 
10 polynucleotide. 

The database of target sequences would be regularly up-dated and the part of it relevant to 
each particular set of probes forming each micro-array would also be updated for those 
using particular commercial applications of the invention. 

15 

The method of the present invention may also be modified to introduce one particular 
restriction endonuclease site but to abolish another site. This provides even more accuracy 
and a reduced likelihood of a false negative or false positive. In addition, it is not necessary 
that a primer has to introduce a restriction endonuclease site. A particular site may be 
20 naturally present in a target sequence. 

The present invention further provides an assay device for determining the presence or 
absence of a nucleotide or group of nucleotides in a nucleic acid molecule comprising an 
array of immobilized oligonucleotides each complementary to a nucleotide sequence 
25 within an amplified product digested by one or more restriction endonucleases and means 
to screen for the hybridization of a target sequence to the immobilized oligonucleotide 
array. The assay device may also be packaged for sale and contain instructions for use. 

The present invention is further described by the following non-limiting Examples. 
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EXAMPLE 1 
Development of genetic deafness assay: EcoHII assay 

In this assay, a mutation at nucleotide 35 in the connexin 26 gene is identified either in the 
5 homozygous or heterozygous state. The mutation is a deletion of a guanine at position 35. 
This mutation is referred to as "35AG". 

Two primers are developed, each labelled with a different reporter molecule and at least 
one comprising a nucleotide sequence matching and complementary to oligonucleotide 

10 sequences immobilized to a solid support. This sequence on the primer is referred to as a 
"tag" sequence. Conveniently, in one example, the GeneChip (registered trademark) is 
used incorporating GenFlex (trademark) Tag array. The primers comprise, therefore, a 
reporter molecule alone or linked to a tag sequence (having matching and complementary 
sequences immobilized to a solid support). In this example, one primer comprises a tag 

15 sequence linked to a nucleotide sequence complementary to a region flanking the 3 5 AG 
region for the forward primer and a region downstream of this location for the reverse 
primer. In one example, the reverse primer introduces a base change in the wild-type 
sequence thus creating a EcoRIl site. If the target sequence comprises a 35AG mutation 
then the EcoRJI site is lost. This is because EcoRQ recognizes the nucleotide sequence 

20 5'CCWGG3* where W is A or T. In the connexin 26 gene, the nucleotide sequence 
recognized by EcoRIl is 5'CCTGG3\ However, a 3 5 AG mutation removes the G at the 3' 
position and, hence, amplification product from a 3 5 AG sample will not digest but a wild- 
type sequence will digest. After amplification and digestion with £coRII, single-stranded 
forms of the amplified product are exposed to the immobilized oligonucleotides on the 

25 solid support. This assay is shown in Figure 1 . 

As can be observed, when the target sequence is homozygous wild-type, all the 
amplification product will be digested thus removing the reporter molecule associated with 
the reverse primer. The complementary (antisense) immobilized oligonucleotide (+) 
30 permits capture of the tag associated with the forward primer. The matching (sense) 
immobilized oligonucleotide (-) permits capture of the sequence complementary to the tag 
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generated by extension of the reverse primer during PCR (ie the complementary strand to 
the strand generated by extension of the forward primer). Regardless of restriction enzyme 
digestion, the reporter molecule associated with the forward primer will always be detected 
at the (+) feature of the immobilized oligonucleotide pair specific for the tag associated 
5 with that forward primer. As the reporter molecule associated with the reverse primer has 
been cleaved away by EcoRll digestion, no reporter molecule will be detected at the (-) 
feature of the immobilized oligonucleotide pair, i.e. the ratio of signal from forward to 
reverse primer would be in the order of 1 :0. 

10 If the 35 AG mutation is present in a homozygous state, there will be no digestion of any 
amplification product and both reporter molecules on both primers will be equally 
represented, i.e. in a ratio of about 1:1. 

If the 3 5 AG mutation is in the heterozygous state, then the amplification product from the 
15 nucleotide sequence carrying the mutation will not cleave but cleavage will occur in the 
amplification product from the nucleotide sequence not carrying the mutation. Therefore, 
about half of the molecules in the total amplification will be cleaved. Accordingly, the 
ratio of signal from forward to reverse primer will be approximately 1:0.5. 

20 EXAMPLE 2 

Development of genetic deafness assay: Ddel assay 

In this assay, the same approach as adopted in Example 1 but a mutation is introduced to 
create a Ddel site in the 35AG sequence. A target variant would, therefore, be cleaved by 
25 Ddel, whereas the wild-type sequence would not. 

EXAMPLE 3 
Development of genetic deafness assay: Bell assay 

30 The aim of this assay is to use a primer to change a cytosine to an adenine thus creating a 
Bell site in the Cx26 gene. The target nucleotide sequence is as follows:- 
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CGC ATT ATG ATC CTC GTT GTG (SEQ ID NO: 1). 

A reverse primer creates a mismatch such that the TGATCC sequence becomes TGATCA 
5 which is the recognition sequence for Bell. Wild-type amplification product based on this 
modified sequence is digestible by Bell. A mutation in the ATG codon leading to genetic 
deafness results in the codon changing to ACG (i.e. a T-* C substitution).This corresponds 
to an M34T substitution. The Bell site, i.e. TGATCA, becomes CGATCA and, hence, 
amplification product carrying this mutation is no longer digestible by Bell. 

10 

EXAMPLE 4 
Development of assay for cystic fibrosis 

This assay is predicated on enzyme recognition sequences for Xcml and BstXl. The cystic 
15 fibrosis gene comprises the following target sequencer- 
s' AAA GAA AAT ATC ATC TTT GGT GTT TCC TA (SEQ ID NO:2). 

Mutations giving rise to a potential development of cystic fibrosis include a deletion of a 
20 phenylalanine residue at position 508, i.e. AF508. This results from a deletion of a CTT 
codon. 

The first step is to use a reverse primer to introduce two A-* C substitutions to create the 
lewisite: CCA(N) 9 TGG. 

25 

As a result, wild-type amplification product is digested by Xcml. If the CTT codon is 
deleted (see Figure 2), then Xcml does not digest the amplified DNA. 

BstXl has the recognition sequence CCA(N) 6 TGG. BstXl does not digest the wild-type 
30 sequence (Figure 2). A CTT deletion and the A-* C substitutions creates a BstXl site. 
Accordingly, where the CTT deletion has occurred, the amplification product is XcmT 
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ve /#s/Xl +ve whereas the wild-type is Xcmf ye /BstXV ve . 

This assay may be conducted using the solid array technology as in Examples 1 -3 or may 
be used in conjunction with electrophoretic separation. The amplification primer sequences 
5 need not be labelled with a reporter molecule and/or a tag sequence. An example of 
electrophoretic separation is shown in Figure 3. The differential restriction pattern can be 
seen between homozygous normal (N/N), homozygous abnormal (AF508/AF508) and 
heterozygous normal (N/AF508). 

10 EXAMPLE 5 

Combination assay for cystic fibrosis 

A combination assay is conducted using biochemical and genetic testing. 

15 In the combination assay, all babies are subjected to a biochemical test for cystic fibrosis. 
Where there is no biochemical indication of a mutation, the baby is placed in a non-risk 
category. If the biochemical test suggests the presence of a mutation, then a genetic test is 
conducted such as outlined in Example 4. Gel electrophoresis (such as polyacrylamide or 
agarose gel electrophoresis) is carried out using one or both Xcml and/or BstXI or an array 

20 technology may be employed. 

EXAMPLE 6 
Development of Chip Technology 

25 Table 1 provides a list of 1 5 tags which are used in conjunction with PCR oligos. Table 2 
is a list of chip probes. These are sense and antisense capture probes which are 
immobilized to the array. 
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TABLE 1 Chip TAG list 



1 


ProbeSet01548 


GCTGCTCGTGGTTAAGCTCT [SEQ ID NO:3] 


High 


2 


ProbeSet00138 


CGTACCAATGGATGCGGTCT [SEQ ID N0:4] 


High 


3 


ProbeSet00357 


GAGGTCAGTTCACGAAGCTC [SEQ ID NO:5] 


High 


4 


ProbeSet00468 


GAGTTCCCGTGCGTTAGATC [SEQ ID NO:6] 


High 


5 


ProbeSet00512 


GCGACTAGGTGGCTCTAATC [SEQ ID NO:7] 


High 


6 


ProbeSet01873 


AGTCAAGCTAGATGCCGATC [SEQ ED NO:8] 


High 


7 


ProbeSet00007 


AAACCATCGACTCACGGGAT [SEQ ID NO:9] 


High 


8 


ProbeSet00156 


ATGCAGCGTAGGTATCGACT [SEQ ED NO: 10] 


High 


9 


ProbeSet01052 


TACAACGATTGCCTGCCTGT [SEQ ED NO: 1 1 ] 


High 


10 


ProbeSet01113 


CACAGAGCTGAGTCGGATAT [SEQ ID NO: 12] 


High 


11 


ProbeSet01820 


TCAGCGCGTGTCGTTGCATA [SEQ ED NO: 13] 


High 


12 


ProbeSet01253 


TTGAATCGTTTGAATCGCGG [SEQ ED NO: 14] 


High 


13 


ProbeSet01814 


CATGCAGCTCGATCTAGCGA [SEQ ED NO: 15] 


High 


14 


ProbeSet01790 


CATGCAGCTCGATCTAGCGA [SEQ ED NO: 16] 


High 


15 


ProbeSet01081 


CTTGATACGACTGTCATGGC [SEQ ED NO: 17] 


High 


HC 


ProbeSet00661 


CTTGATACGACTGTCATGGC [SEQ ED NO: 18] 


High 
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T ABLE 2 Chip probe sets 5 3 ' 



1+ 


AGAGCTTAACCACGAGCAGC [SEQIDNO:19] 


1- 


CGTACCAATGGATGCGGTCT [SEQ ID NO:20] 


2+ 


AGACCGCATCCATTGGTACG [SEQ ID NO:21] 


2- 


CGTACCAATGGATGCGGTCT [SEQ ID NO:22] 


3+ 


GAGCTTCGTGAACTGACCTC TSEQ ID NO:231 


3- 


GAGGTCAGTTCACGAAGCTC [SEQ ID NO:24] 


4+ 


GATCTAACGCACGGGAACTC [SEQ ID NO:25] 


4- 


GAGTTCCCGTGCGTTAGATC [SEQ ID NO:26] 


5+ 


GATTAGAGCCACCTAGTCGC [SEQ ID NO:27] 


5- 


GCGACTAGGTGGCTCTAATC [SEQ ID NO:281 


6+ 


GATCGGCATCTAGCTTGACT [SEQ ID NO:29J 


6- 


AGTCAAGCTAGATGCCGATC [SEQ ID NO:30] 


7+ 


ATCCCGTGAGTCGATGGTTT [SEQ ID NO:31] 


7- 


AAACCATCGACTCACGGGAT [SEQ ID NO:32] 


8+ 


AGTCGATACCTACGCTGCAT [SEQ ID NO:33] 


8- 


ATGCAGCGTAGGTATCGACT [SEQ ID NO:34] 


9+ 


ACAGGCAGGCAATCGTTGTA [SEQ ID NO:35] 


9- 


TACAACGATTGCCTGCCTGT [SEQ ID NO:36] 


10+ 


ATATCCGACTCAGCTCTGTG [SEQ ID NO:37] 


10- 


CACAGAGCTGAGTCGGATAT [SEQ ID NO:38] 


11+ 


TATGCAACGACACGCGCTGA [SEQ ID NO:39] 


11- 


TCAGCGCGTGTCGTTGCATA [SEQ ID NO:40] 


12+ 


CCGCGATTCAAACGATTCAA [SEQ ID NO:41] 


12- 


TTGAATCGTTTGAATCGCGG [SEQ ID NO:42] 


13+ 


TCGCTAGATCGAGCTGCATG [SEQ ID NO:43] 


13- 


CATGCAGCTCGATCTAGCGA [SEQ ID NO:44] 


14+ 


TGTGCGATCCTACTGACCGT [SEQ ID NO:45] 


14- 


ACGGTCAGTAGGATCGCACA [SEQ ID NO:46] 


15+ 


GCCATGACAGTCGTATCAAG [SEQ ID NO:47] 


15- 


CTTGATACGACTGTCATGGC [SEQ ID NO:48] 


HC- 


ACGCAGTGAGTAGCATCCTG [SEQ ID NO:49] 



EXAMPLE 7 

5 Development of assay involving dual labelled probes 

Figure 4 is a diagrammatic representation of a modified assay involving a dual labelled 
oligonucleotide primer. The dual lableled primer is connected to single-stranded DNA and 
then cleaved. 
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Those skilled in the art will appreciate that the invention described herein is susceptible to 
variations and modifications other than those specifically described. It is to be understood 
that the invention includes all such variations and modifications. The invention also 
includes all of the steps, features, compositions and compounds referred to or indicated in 
5 this specification, individually or collectively, and any and all combinations of any two or 
more of said steps or features. 
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CLAIMS 

1. A method for determining the presence or absence of a homozygous or 
heterozygous change in one or more nucleotides within a target nucleotide sequence, said 
method comprising:- 

amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product, wherein at least one of said primers is labelled 
with a reporter molecule capable of facilitating the provision of an identifiable signal 
which can be distinguished from another reporter molecule if both primers are labeled and 
wherein at least one primer and its complementary form comprises a complementary 
sequence to an oligonucleotide sequence anchored to a solid support and wherein one or 
more of said forward or reverse primers introduces, abolishes or hybridizes to a target site 
within the amplified product in the presence or absence of a change in one or more 
nucleotides, and 

subjecting said amplified product to detection means. 

2. A method of claim 1 wherein the detection means comprise detecting the 
relative proportion of signal or lack of signal by the reporter molecules, wherein an equal 
proportion of different signals or the substantial presence of only one signal represents a 
homozygous presence or absence of change in the target nucleotide sequence, and wherein 
the presence of a differential signal represents a heterozygous presence or absence of said 
change in target nucleotide sequence. 

3. A method of Claim 1 wherein the target site within the amplified product is 
a restriction endonuclease site and wherein the amplified product is digested with the 
restriction endonuclease whose site has been potentially introduced or abolished in said 
amplified product and subjecting single-stranded forms of the amplified product subjected 
to hybridization to conditions to permit annealing to a set of said immobilized 
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oligonucleotides comprising oligonucleotides which are sense or complementary to a 
portion of the amplified sequence introduced by at least one primer. 

4. A method of Claim 3 wherein the one or more of said forward or reverse 
primers introduces a restriction endonuclease site within the amplified product. 

5. A method of any one of Claims 1 to 4 wherein the solid support is selected 
from the list comprising glass and a polymer such as cellulose, nitrocellulose, ceramic 
material, polyacrylamide, nylon, polystyrene and its derivatives, polyvinylidene difluoride, 
methacrylate and its derivatives, polyvinyl chloride and polypropylene. 

6. A method of Claim 5 wherein the solid support is glass. 

7. A method of any one of Claims 1 to 6 wherein two or more oligonucleotide 
sequences are anchored to the solid support in the form of an array. 

8. A method any one of Claims 3 to 7 wherein the restriction endonuclease site 
is recognized by a restriction enzyme selected from the list comprising Aatl, AatU, Aaul, 
Accl 131, Acc\6l, Acc65l y AccBll, AccBll, AccBSl, AccI, AccTl, AccUl, AceTH 9 Acil, Acll, 
AclNl, AclWl, Acsl, Acyl, Adel, Afal, A/el Aflll, AflHI 9 Agel, AhaUl 9 Ahdl, AM, A!w2U, 
AIw26l, Alw44l, Alwl 9 AlwNl, AmaSll, Aocl, AorSMI, ApaBl, Apa\ y ApaU, Apol, Ascl, 
Asel 9 AsiAI, Asnl, AsplOOl, Aspl 181, AspEl, AspHl, Aspl, AspLEl, AspS9l 9 AsuC2l 9 
AsuHPl, Asul, Asull, AsuNHl, Aval, Avail, Avalll 9 AviU, AvrTl, Axyl 9 Bael, Ball, BamHl, 
Bartl, Banll, BanTll, Bbel, BbiU, Bbr?l 9 Bbsl, Bbul, BbvUl, BbvCl, Bbvl 9 BbvU 9 Bed, 
BceS3l, Bcefl, Bcgl 9 BciVl, Bell, Bcnl, Bcol, Bcul, Betl, Bfal, Bfil, Bfinl, Bfrl, BgR, BgIH 9 
Binl, Blnl 9 Blpl, BrneXZl, Bmgl 9 Bmrl 9 Bmyl, Bpil 9 BpR 9 Bpml, BpulOl, BpullOU, BpulAl, 
BpuAl 9 Bsa291, BsaAI, BsaBl, BsaHl, Bsal 9 BsaJl, BsaMl, BsaOl, BsaWl 9 BsaXl, Bsbl 9 
BscAl, BscBl, BscCl, BscFl, BscGl, Bscl, BsellSl, Bsell, Bse2ll, Bse7>Dl 9 Bse2>l 9 BseAI, 
BseCl, BseDl, BseGl, BseLl, BseMU, BseNl, BsePl, BseKl, BseX3l, Bsgl, Bshl236l, 
Bshl2S5l 9 Bshl365l, Bshl, Bshm, BsiBl, BsiCl, BsiEl, BsiHKAl, Bsil, BsiLl, BsiMl, 
BsiQl, BsiSl, BsiWl, BsiXl, BsiYI, BsiZl, BsR 9 BsmAl, BsmBl, BsmFl, Bsml 9 BsoBl 9 
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Bspl06I, Bspll9l, Bspl201, Bsp\2S6l, BspUI, BspU071, BsplA3l, Bspl43TL, Bspl7201, 
Bsp\9l, Bsp2Al, Bsp68l, BspA2l, BspCI, BspDl, BspEl, BspGl, BspUl, BspLl, BspLUl II, 
BspMl, BspMll, BspTI, BspXl, BsrBl, BsrBRl, BsrDl, BsrFl, BsrGl, Bsrl, BsrSl, BssAI, 
BssHII, BssKI, BssNAl, BssSl, BssTU, Bst\ 1071, BstlBl, Bst2W, BstACl, As/711, Bsmi, 
Bst ACI, BstAVl, BsiBAI, BstBI, BstDEl, BstDSl, BstEll, BstFSl, BstU2l, fls/HPI, BstMCl, 
BstNl, BstNSl, BstOl, Bs&I, BstSEl, BstSNl, BstUl, BstXll, BstXl, BstYl, BstZMl, BstZl, 
BsulSl, Bsu36l, Bsu6I, BsuRl, Btgl, Btsl, CacZl, CauE, Cbil, CciNl, Celil, Cfol, CfrlOl, 
QH3I, CfrA2l, Cfr9l, Cfrl, Cjel, CjeVl, CM, Cpol, CspA5l, Csp6l, Cspl, Cv/JI, Cv/RI, 
Cvnl, Ddel, Dpnl, Dpnll, Dral, Drall, DralU, Drdl, DrdR, Dsal, DseDl, Eael, Eagl, 
EamllOAI, EamllOSl, Earl, Ecil, Ecll36ll, EclHKl, EclXl, Eco\051, £col30I, EcolAll, 
Eco2A\, Eco255l, Eco3ll, Eco32l, EcoAll, EcoAim, EcoS2\, Eco57l, Eco6Al, Eco721, 
EcoSll, £co88I, Eco9U, £coICRI, EcoNl, £coO109I, Eco065I, EcoKl, EcoRU, EcoRV, 
EcoTlAl, EcoT22l, EcoT3Sl, Egel, Ehel, Erhl, Espl396I, Esp3l, Espl, Faul, FauNDI, 
Fbal, Finl, FnuAHl, FnuDll, Fokl, FriOI, Fsel, FspAYR, Fspl, GdiU, Gsul, Hael, HaeU, 
Haem, HaelV, HapU, Hgal, HgiAl, HgiCl, HgiEl, HgiElI, HgiJU, Hhal, //mil, Hin2\, 
HinAl, Hin61, Hindi, HindXl, Hindlll, Hinfl, HinVM, Hpal, Hpall, Hphl, Hsp92I, Hsp9211, 
HspAl, Ital, Kasl, Kpn2\, Kpnl, Ksp22\, Ksp632l, KspAl, Kspl, Kzo9l, Lspl, Mael, MaeQ., 
MaelJl, Maml, Mbil, Mbol, Mboll, Mcr\, Mfel, MfR, MM, MM, MluNl, Mlyl\31, Mmel, 
MnR, Mph\\03l, Mrol, MroNI, MroXl, Mscl, Msel, Ms/I, Mspl 71, MspA.ll, MspCl, Mspl, 
MspR91, Ms/I, Muni, Mva 12691, Mval, Mvnl, Mwol, Nael, Narl, Neil, Ncol, Ndel, Ndell, 
NgoAIV, NgoMTV (previously known as NgoMT), Nhel, NlaBl, NlaTV, Notl, NruGl, Nrul, 
Nsbl, Nsil, NspBU, Nspl, NspV, Pad, Pael, PaeRU, Pagl, Pall, Paul, P/71108I, PyZ23II, 
PflFl, PflMI, PinAl, Plel9l, Plel, PmaCl, PmeSSl, Pmel, Pmtl, PpulOl, PpuMl, PshAl, 
PshBl, PspUABl, PsplAOGl, Psp5U, PspAI, PspEl, PspU, PspN4I, PspOMl, PspV?l, 
Pstl, Pvul, Pvull, Real, RleAl, Rsal, Rsrll, Sad, Sadl, Sail, SariDl, Sapl, Sau3Al, Sau961, 
Saul, Sbjl, Seal, Schl, ScrFl, Sdal, Sdul, Seel, SexAl, 5/aNI, Sfcl, Sfel, Sfil, Sfol, Sfr21Al, 
5/r303I, Sfid, Sgfl, SgrAI, Siml, Sinl, Smal, Smil, Smli, SndBl, Snal, Spel, Sphl, Spll, Srfl, 
Sse8387I, SseS6A71, Sse9I, SseBl, SspBl, Sspl, Sstl, SstU, Stul, Styl, Sunl, Swal, Tail, Taql,' 
TaqU, Tail, Taul, Tfil, Thai, Trull, Tru9l, Tscl, Tsel, TspA5l, TspACl, Tsp509l, TspEl, 
TspRl, milll, Tthlim, 27/iHB8I, UbaDl, UbaEl, UbaU, UbaOl, Van9U, VhaA6Al, 
Vnel, Vspl, Xagl, Xbal, Xcml, Xhol, Xholl, XmaCl, Xmal, XmaM and Xmnl, Zsp2l. 
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9. A method of any one of Claims 1 to 8 wherein the reporter molecule is 
selected form the list comprising chloramphenicol, a colourless galactosidase, a colourless 
glucuronide, luciferin and green fluorescent protein. 

10. A method of any one of Claims 3 to 9 wherein the target nucleotide 
sequence is in a eukaryotic cell such as a mammalian cell or a plant cell. 

11. A method of Claim 10 wherein the cell is a plant cell. 

12. A method of Claim 10 wherein the cell is a mammalian cell and the target 
sequence is associated with a disease condition comprising one or more known genetic 
mutations. 

13. A method of Claim 12 wherein the mammalian cell is a human cell and the 
disease condition is selected from the list comprising adreno-leukodystrophy, 
atherosclerosis, gaucher disease, gyrate atrophy, juvenile onset diabetes, obesity, 
paroxysmal nocturnal hemoglobinuria, phenylketonuria, refsum disease, tangler disease 
and haemochromatosis conditions involving transporters, channels and pumps such as 
cystic fibrosis, deafness, diastrophic dysplasia, long-QT syndrome, Menkes syndrome, 
Pendred syndrome, polycystic kidney disease, sickle cell anaemia, Wilson's disease and 
Zellweger syndrome, conditions involving signal transduction such as ataxia telangiectasia, 
baldness, Cockayne syndrome, glaucoma, tuberous sclerosis, Waardenburg syndrome and 
Werner syndrome; conditions involving the brain such as Alzheimer's disease, 
amyotrophic lateral sclerosis, Angleman syndrome, Charcot-Marie-Tooth disease, 
epilepsy, essential tremor, fragile X syndrome, Friedreich's ataxia, Huntington's disease, 
Niemann-Pick disease, Parkinson's disease, Prader-Willi syndrome, Rett syndrome, 
spinocerebella atrophy and William's syndrome; and conditions involving the skeleton 
such as Duchenne muscular dystrophy, Ellis-van Creveld syndrome, Marfan syndrome and 
myotonic dystrophy. 



WO 02/50305 



PCT/AU01/01643 



- 42 - . 

14. A method for determining the presence or absence of a homozygous or 

heterozygous change in one or more nucleotides within a target nucleotide sequence, said 
method comprising:- 

amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product, wherein each of said primers is labelled with a 
reporter molecule capable of facilitating the provision of an identifiable signal which can 
be distinguished from each other and wherein at least one primer and its complementary 
form comprises a complementary sequence to an oligonucleotide sequence anchored to a 
solid support and wherein one or more of said forward or reverse primers introduces or 
abolishes a restriction endonuclease site within the amplified product in the presence or 
absence of a change in one or more nucleotides; 

digesting the amplified product with the restriction endonuclease whose site 
has been potentially introduced or abolished in said amplified product and subjecting 
single-stranded forms of the amplified product subjected to hybridization to conditions to 
permit annealing to a set of said immobilized oligonucleotides comprising oligonucleotides 
which are sense or complementary to a portion of the amplified sequence introduced by at 
least one primer; and 

detecting the relative proportion of signal by the reporter molecules wherein 
an equal proportion of different signals or the substantial presence of only one signal 
represents a homozygous presence or absence of change in the target nucleotide sequence 
and wherein the presence of a differential signal represents a heterozygous presence or 
absence of said change in target nucleotide sequence. 

15. A method of Claim 14 wherein the one or more of said forward or reverse 
primers introduces a restriction endonuclease site within the amplified product. 

16. A method of Claim 14 or 15 wherein the solid support is selected from the 
list comprising glass, cellulose, nitrocellulose, ceramic material, polyacrylamide, nylon, 
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polystyrene and its derivatives, polyvinylidene difluoride, methacrylate and its derivatives, 
polyvinyl chloride and polypropylene. 

17. A method of Claim 16, wherein the solid support is glass. 

18. A method of any one of Claims 14 to 17 wherein two or more 
oligonucleotide sequences are anchored to the solid support in the form of an array. 

19. A method of any one of Claims 14 to 18 wherein the restriction 
endonuclease site is recognized by a restriction enzyme selected from the list comprising 
Aatl, AatU, Aaul, Acc\ 131, Acc\6l, Acc65l, AccBU, AccBll, AccBSl, AccI, Accll, AccTR, 
Acelll, Acil, AcR, AJHI, AclWl, Acsl, Acyl, Adel, Afal, Afel, AJJR, AflSi, Agel, AhaJU, 
Ahdl, Alul, Alw2ll, Alw26l, Alw44l, Alwl, AlwNl, AmaSll, Aocl, Aor5\m, ApaBl, Apal, 
ApalA, Apol, Ascl, Asel, Asi AI, Asnl, Asp700l, Asp7lSI, AspEl, AspHl, Aspl, AspLEl, 
AspS91, AsuC2I, AsuHPl, Asul, Asull, AsuNHl, Aval, Avail, Avalll, AviO., AvrJl, Axyl, 
Bael, Ball, BarriRl, Ban\, BanW, BanUl, Bbel, Bbm, BbrPl, Bbsl, Bbul, BbvUl, BbvCl, 
Bbvl, Bbvll, Bed, Bce$3l, BceO., Bcgl, BciVl, Ben, Bcnl, Bcol, Bcul, Betl, Bfal, Bfi\, 
Bfm\, Bfrl, Bgli, BgRl, Binl, Blttl, Blpl, BmelSI, Bmgl, Bmrl, Bmy\, Bpil, Bptl, Bpml, 
BpulOI, Bpul\02l, BpuUl, BpuAl, Bsa29l, Bsa Al, BsaBl, BsdHl, Bsal, BsaJl, BsaMl, 
BsaOI, BsaWl, BsaXl, Bsbl, Bsc41, BscBl, BscCl, BscFl, BscGl, Bscl, BsellSl, Bsell, 
Bse2\I, BseZVl, BseZl, Bse Al, BseCl, BseDl, BseGl, BseU, BseMll, BseNl, BseVl, BseW, 
BseX3l, Bsgl, Bsh\236l, Bsh\2S51, Bshl365l, Bshl, BshNl, BstBl, BsiCl, BsiEl, BsiHKAl, 
Bsil, BsiLl, BsiMl, BsiQl, BsiSl, BsiWl, Bsi~Xl, BsiYl, BsiZl, Bstl, BsmAl, BsmBl, BsmFl, 
Bsml, BsoBl, Bspl06l, Bspl\9l, Bsp\20l, Bspl2S61, BsplSl, Bsp\4011, Bsp\43l, 
5spl43II, Bspl720l, Bsp\91, Bsp24l, Bsp681, BspAll, BspCl, BspDl, BspEl, BspGl, 
BspBI, BsplA, BspLUUl, BspMl, BspMll, BspTl, BspXl, BsrBl, BsrBRl, BsrDl, BsrFl, 
BsrGl, Bsrl, BsrSl, BssAl, BssKU, BssKI, BssNAI, BssSl, BssTU, Ay/11071, Bst2Bl, 
Bst2Ul, Bst4Cl, Bstlll, Bst9Zl, Bst ACl, BstAPl, BstBAl, BstBl, BstDEl, BstDSl, BstEU, 
BstF5l, BstB2l, BstHPl, BstMCl, BstNl, BstNSl, BstOl, BstPl, BstSFl, BstSm, BstUl, 
BsiX.21, BstXl, BstYl, BstZUl, BstZl, Bsul5l, Bsu36l, Bsu6l, BsuSl, Btgl, Btsl, CacSl, 
CauU, Cbil, CciNl, Celll, Cfol, CfrXOl, Cfr\3l, Cfr42l, Cfr9l, Cfrl, Cjel, CjeVl, Clal, 
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Cpol, Csp45I, Csp61, Cspl, Cv/JI, CviBl, Cvnl, Ddel, Dpnl, DpnE, Dral, DraU, Dram, 
Drdl, Droll, Dsal, DseDI, Eael, Eagl, £am 11041, Eam\\05l, Earl, Ecil, £c/136II, 
EcMKl, EclXl, Eco\05l, Ecol30l, EcoUll, Eco241, Eco255J, Eco3U, Eco32l, EcoAll, 
Eco41lll, Eco52l, Eco51\, Eco64l, Ecolll, EcoSlI, EcoS8l, Eco9\\, EcolCRl, EcoNl, 
£coO109I, Eco065l, EcoRI, EcoRll, EcoKV, EcoTlAl, EcoT22l, £coT38I, Egel, Ehel, 
Erhl, Espl396l, Esp3l, Espl, Faul, FawNDI, Fbal, Finl, FnuARl, FnuDll, Fokl, FriOl, 
Fsel, Fsp4Hl, Fspl, GdiU, Gsul, Hael, Haell, HaeB.1, HaeTV, HapJl, Hgal, HgiAl, HgiCl, 
HgiBl, HgiETl, HgiJU, Hhal, //mil, Hinll, Hin4\, HinGl, HincU, HindR, Hindm, HinfL, 
HinVll, Hpal, Hpall, Hphl, Hsp92l, Hsp92U, HspAl, Ital, Kasl, Kpnll, Kpnl, Ksp22l, 
Ksp632l, KspAl, Kspl, Kzo9l, Lspl, Mael, Maell, MaeJll, Maml, Mbil, Mbol, MboTL, 
Mcrl, Mfel, Mfll, Mlsl, MM, MluNl, MlylUl, Mmel, Mntl, MphU03\, Mrol, MrdNl, 
MroXl, Mscl, Msel, Ms/I, Msplll, MspAll, MspCl, Mspl, MspR9l, Mstl, Muni, 
Mva 12691, Mval, Mvnl, Mwol, Nael, Narl, Neil, Ncol, Ndel, Ndell, NgoATV, NgoMW 
(previously known asNgoMI), Nhel, NlaWL, NIaTV, Noil, NruGl, Nrul, Nsbl, NsQ, NspBJl, 
Nspl, NspV, Pad, Pael, PaeKll, Pag\, Pall, Paul, P/ll 1081, PJ123U, PflFl, PJIMl, PinAI, 
Ple\9l, Plel, PmaCl, Pme55l, Pmel, PmR, PpulOl, PpuMl, PshAl, PshBl, Psp\24Bl, 
Pspl406l, Psp5ll, PspAl, PspEl, PspU, PspN4l, PspOMl, PspP¥l, PstI, Pvul, PvuU, 
Real, RleAl, Rsdl, RsrU, Sacl, Sacll, Sail, SanDl, Sapl, Sau3Al, Sau96l, Saul, Sbjl, Seal, 
Schl, ScrFl, Sdal, Sdul, Seel, SexAl, SfaNl, Sfcl, Sfel, Sfil, Sfol, Sfr214l, 5/r303I, Sful, 
Sgfl, SgrAl, Siml, Sinl, Smal, Smil, Smh, SnaBl, Snal, Spel, Sphl, Sptl, Srfl, &e8387I, 
Sse8647I, Sse9l, SseBl, SspBl, Sspl, Sstl, Sstll, Stul, Styl, Sunl, Swal, Tail, Taql, TaqU, 
Tatl, Taul, Tfil, Thai, Trull, Tru9l, Tscl, Tsel, Tsp45l, Tsp4Cl, Tsp509l, TspEl, TspW, 
TthlUl, 7M111H, TthHBSl, UbdDl, UbaEl, UbaU, UbaOl, Van9ll, Vha464l, Vnel, Vspl, 
Xagl, Xbal, Xcml, Xhol, Xholl, XmaQl, Xmal, XmaUl and Xmnl, Zspll. 

20. A method of any one of Claims 14 to 20 wherein the reporter molecule is 

selected form the list comprising chloramphenicol, a colourless galactosidase, a colourless 
glucuronide, luciferin and green fluorescent protein. 



21. A method of any one of Claims 14 to 20 wherein the target nucleotide 

sequence is in a eukaryotic cell such as a mammalian cell or a plant cell. 
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22. A method of Claim 21 , wherein the cell is a plant cell. 

23. A method of Claim 21 wherein the cell is a mammalian cell and the target 
sequence is associated with a disease condition comprising one or more known genetic 
mutations. 

24. A method of Claim 23 wherein the mammalian cell is a human cell and the 
disease condition is selected from the list comprising adreno-leukodystrophy, 
atherosclerosis, gaucher disease, gyrate atrophy, juvenile onset diabetes, obesity, 
paroxysmal nocturnal hemoglobinuria, phenylketonuria, refsum disease, tangler disease 
and haemochromatosis conditions involving transporters, channels and pumps such as 
cystic fibrosis, deafness, diastrophic dysplasia, long-QT syndrome, Menkes syndrome, 
Pendred syndrome, polycystic kidney disease, sickle cell anaemia, Wilson's disease and 
Zellweger syndrome, conditions involving signal transduction such as ataxia telangiectasia, 
baldness, Cockayne syndrome, glaucoma, tuberous sclerosis, Waardenburg syndrome and 
Werner syndrome; conditions involving the brain such as Alzheimer's disease, 
amyotrophic lateral sclerosis, Angleman syndrome, Charcot-Marie-Tooth disease, 
epilepsy, essential tremor, fragile X syndrome, Friedreich's ataxia, Huntington's disease, 
Niemann-Pick disease, Parkinson's disease, Prader-Willi syndrome, Rett syndrome, 
spinocerebella atrophy and William's syndrome; and conditions involving the skeleton 

: ^ such as Duchenne muscular dystrophy, Ellis-van Creveld syndrome, Marfan syndrome and 
myotonic dystrophy. 

25. A method for determining the presence or absence of a homozygous or 
heterozygous change in one or more nucleotides within a target nucleotide sequence, said 
method comprising:- 

amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product, wherein each of said primers is labelled with a 
reporter molecule capable of facilitating the provision of an identifiable signal which can 
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be distinguished from each other, and wherein one or more of said forward or reverse 
primers introduces or abolishes a restriction endonuclease site within the amplified product 
in the presence or absence of a change in one or more nucleotides, and 

digesting the amplified product with the restriction endonuclease whose site 
has been potentially introduced or abolished in said amplified product, and subjecting the 
amplified product subjected to digestion to conditions to permit electrophoretic separation, 
wherein the pattern of electrophoretic separation and/or the pattern of reporter molecule 
signalling is indicative of the homozygous presence or absence or the heterozygous 
presence or absence of said change in target sequence. 

26. A method of Claim 25 wherein the one or more of said forward or reverse 
primers introduces a restriction endonuclease site within the amplified product. 

27. A method of Claim 25 or 26 wherein the restriction endonuclease site is 
recognized by a restriction enzyme selected from the list comprising Aatl y AatU y Aaul y 
Acc\ 131, Accl6l y Acc65l y Acc&U, AccBll y AccBSl y Accl y Accll, AccHl y AceHl y Aril, Acfl y 
AcINl, AclWI, Acsl, Acyl y Adel y Afal y Afel y Afttl, Aflm, Agel, AhaTLI, Ahdl, AM, Alw2\l y 
Alw261 y Alw44I y Alwl y AlwNl y Ama$7l y Aoc\ y Aor5\Hl y ApaBl y Apa\ y ApaU y Apo\ y Asc\ y 
Asel y AsiAI, Asn\ y AsplOOI, Asp718l, AspEl y AspHl, Aspl, AspUEl, AspS9I, AsuC2l y 
AsuHPl y Asul y AsuU y AsuNHl y Aval y Avail, Avalll, Avill y AvrTL, Axyl y Bael y Ball, BamUl y 
Banl y BanU y Banlll y Bbel y BbOI, Bbr?l y Bbsl y Bbul y Bbvl2l y BbvCl y Bbvl y Bbvll y Bccl y 
BceS3l y Bcefl y Bcgl, BciVl, Bcll y Bcnl y Bcol y Bcul y Betl y Bfal y Bfil y Bfrnl y Bfrl y Bgtl, BglR y 
Biril, Blnl y Blpl y BmelSl, Bmgl y Brnrl, Bmyl y Bpil y BpH y Bpml, Bpul0l 9 Bpu\ 1021, Bpul41, 
BpuAl, Bsa29l y BsaAl y BsaBl y BsaHl, Bsal y BsaJl y BsaMl y BsaOl y BsaWl, BsaXL y Bsbl y 
Bsc4l y BscBl y BscCl, BscYl y BscGl, Bscl, BsellSI, Bse\l y Bse2U y Bse3Dl y BseSl, BseM y 
BseCl, BseDl, BseGI, BseLl, BseMH y BseNl y BsePl y BseRl, BseX3l 9 Bsgl y Bsh 12361, 
Bsh 12851, Bsh 13651, Bshl y BshNl y Bsi&l, BsiCI, BsiEI, BsiHKAl, Bsil, BsiLI, BsiMl, 
BsiQl, BsiSl, BsiWl y BsiXl y BsiYl y BsiZl y Bsll y BsmAl y BsmBl y Bsm¥l y Bsml y BsoBl y 
Bspl06l y Bspll91, BspllQl, 5s/>12861, Bspl3l y BspUOll, Bsp\43I, Bsp\43U y Bsp\120l y 
Bsp\9l 9 Bsp2Al y Bsp6$l 9 BspAZI, BspCl, BspDl, BspEl y BspGl, BspHl y BspU, BspUJl II, 
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BspMl, BspMTI, BspTl, BspXI, BsrBl, BsrBRl, BsrDl, BsrFI, BsrGI, Bsrl, BsrSl, BssAl, 
BssHlI, BssKl, BssN AI, BssSl, BssTU, BstUOll, Bst2Bl, BstlUl, BstACl, Bstlll, Bst9$l, 
BstACl, BstAPI, BstBAl, Bst&l, BsiDEl, BsiDSl, BstEll, BstFSl, Bstmi, Sj/HPI, BstMCl, 
Bstm, BstNSl, BstOl, BstPl, BstSFl, BstSm, BsiUl, BstX21, BstXl, BstYI, BstZUl, BstZI, 
Bsu\5I, Bsu361, Bsu6l, BsuTO, Btgl, Btsl, CacSl, CauU, Cbil, Cc/NI, CelR, Cfol, QH 01, 
QH 31, Cfr42l, Cfr9l, C/rl, Cjel, CjePI, Clal, Cpol, CspASl, Csp6l, Cspl, Cv/JI, CviRl, 
Cvnl, Ddel, Dpnl, DpnU, Dral, Drall, Drain, Drdl, Droll, Dsal, DseDl, Eael, Eagl, 
Eaml\04l, Eam\l05l, Earl, Ecil, £c/136II, EclHKI, EclXl, EcolOSl, £col30i, Eco\47l, 
EcolAl, Eco25Sl, Eco3U, Eco32l, EcoAll, Eco4im, Eco52l, EcoSll, Eco64l, Ec6l2l, 
EcoSll, EcoSSl, Eco9\l, EcolCRI, £coNI, EcoO\09l, Eco065I, EcdRl, EcoRIl, EcoRV, 
EcoTlAl, EcoT221, £coT38I, Egel, Ehel, Erh\, £spl396I, Esp3l, Espl, Faul, FawNDI, 
Fbal, Finl, F««4HI, FnuDU, Fokl, FriOl, Fsel, Fsp4HI, Fspl, GdiU, Gsul, Hael, HaeU, 
Haem, HaelV, HapE, Hgal, HgiAl, HgiCl, HgiEl, HgiEO, Hgiill, Hhal, HinU, Hin2\, 
Hin4\, Hin6l, Hindi, HindVL, Hindlll, Hinfl, HiriPU, Hpal, HpaJl, Hphl, Hsp92l, Hsp92ll, 
HspAl, Ital t Kasl, Kpn2l, Kpnl, Ksp22l, Ksp632l, KspAl, Kspl, Xzo9l, Lspl, Mael, MaeE, 
Maelll, Maml, Mbil, Mbol, MboU, Mcrl, Mfel, Mfll, MM, Mlul, MluNl, M7yll3I, Mmel, 
Mnh, MphllQ3l, Mrol, MroNl, MroXI, MscI, Msel, MsO, Msplll, Msp All, MspCl, Mspl, 
MspR9l, Mstl, Muni, Mva 12691, Mval, Mvnl, Mwol, Nael, Narl, Neil, Ncol, Ndel, NdeU., 
NgoATV, NgoMIV (previously known as NgoML), Nhel, NlaTLl, NlaJV, Notl, NruGl, Nrul, 
Nsbl, Nsil, NspBll, Nspl, NspV, Pad, Pael, PaeR.ll, Pagl, Pall, Paul, Pfl\ 1081, PJ12311, 
PflFI, PflMl, Pin AI, Plel9l, Plel, PmaCl, PmeSSX Pmel, Pmli, PpulOl, PpuVO., PshAl, 
PshBl, Pspl24Bl, Pspl406l, Psp5Tl, PspAl, PspEl, PspU, PspN4l, PspOMl, PspPPl, 
Pstl, Pvul, PvuII, Real, RleAl, Rsal, Rsrli, Sad, Sadl, San, SanDl, Sapl, Sau3Al, Sau96l, 
Saul, Sbjl, Seal, Schl, ScrFl, Sdal, Sdul, Seel, SexAI, SfaNl, Sfcl, Sfel, Sfil, S/ol, Sfr214\, 
Sfr3Q3l, Sful, Sgfl, Sgr AI, Siml, Sinl, Smal, Smil, Smtl, SnaBl, Snal, Spel, Sphl, Spll, Srfl, 
&e8387I, 5ie8647I, Sse9l, SseBl, SspBl, Sspl, Sstl, SstU., Stul, Styl, Sunl, Swal, Tail, Taql, 
TaqU, Tail, Taul, Tfil, Thai, Trull, Tru9l, Tscl, Tsel, Tsp45l, Tsp4Cl, Tsp509l, TspEl, 
TspKL, TthUU, milin, TthHBSl, UbdDl, UbaEl, UbaLl, UbaOl, Van9ll, Vha464l, 
Vnel, Vspl, Xagl, Xbal, Xcml, Xhol, Xholl, XmaCl, Xmal, XmaUl and Xmnl, Zsp2l. 
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28. A method of any one of Claims 24 to 27 wherein the reporter molecule is 
selected form the list comprising chloramphenicol, a colourless galactosidase, a colourless 
glucuronide, luciferin and green fluorescent protein. 

29. A method of any one of Claims 24 to 28 wherein the target nucleotide 
sequence is in a eukaryotic cell such as a mammalian cell or a plant cell. 

30. A method of Claim 29 wherein the cell is a plant cell. 

31. A method of Claim 29 wherein the cell is a mammalian cell and the target 
sequence is associated with a disease condition comprising one or more known genetic 
mutations. 

32. A method of Claim 31 wherein the mammalian cell is a human cell and the 
disease condition is selected from the list comprising adreno-leukodystrophy, 
atherosclerosis, gaucher disease, gyrate atrophy, juvenile onset diabetes, obesity, 
paroxysmal nocturnal hemoglobinuria, phenylketonuria, refsum disease, tangler disease 
and haemochromatosis conditions involving transporters, channels and pumps such as 
cystic fibrosis, deafness, diastrophic dysplasia, long-QT syndrome, Menkes syndrome, 
Pendred syndrome, polycystic kidney disease, sickle cell anaemia, Wilson's disease and 
Zellweger syndrome, conditions involving signal transduction such as ataxia telangiectasia, 
baldness, Cockayne syndrome, glaucoma, tuberous sclerosis, Waardenburg syndrome and 
Werner syndrome; conditions involving the brain such as Alzheimer's disease, 
amyotrophic lateral sclerosis, Angleman syndrome, Charcot-Marie-Tooti disease, 
epilepsy, essential tremor, fragile X syndrome, Friedreich's ataxia, Huntington's disease, 
Niemann-Pick disease, Parkinson's disease, Prader-Willi syndrome, Rett syndrome, 
spinocerebella atrophy and William's syndrome; and conditions involving the skeleton 
such as Duchenne muscular dystrophy, Ellis- van Creveld syndrome, Marfan syndrome and 
myotonic dystrophy. 
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33. A method for determining the presence or absence of a homozygous or 

heterozygous change in one or more nucleotides within a target nucleotide sequence, said 
method comprising:- 

amplifying said target nucleotide sequence using forward and reverse 
primers to produce an amplified product, wherein one primer comprises one or more 
chemically modified nucleotides, bases or phosphodi ester bonds such that a nucleotide 
strand which extends from said primer is substantially resistant to exonuclease activity, and 
wherein the other primer comprises a nucleotide sequences having sense and 
complementary sequences immobilized to a solid support and wherein one or more said 
forward or reverse primers introduces or abolishes a restriction endonuclease site within 
the amplified product in the presence or absence of a change in one or more nucleotides; 

digesting the amplified product with an exonuclease to digest the strand not 
amplified by the primer comprising the exonuclease-resistant nucleotides, bases or 
phosphodiester linkages to generate a single-stranded nucleic acid molecule comprising the 
potential presence or absence of a restriction endonuclease site and a nucleotide sequence 
complementary to an oligonucleotide sequence immobilized to said solid support; 

hybridizing to said single-stranded nucleic acid molecule a probe that 
contains complementarity to the restriction site that may have been introduced to generate 
a partial double-stranded molecule wherein the probe comprises two reporter molecules 
capable of facilitating the provision of identifiable signals which can be distinguished from 
each other; 

digesting the partially double-stranded molecule with the restriction 
endonuclease whose site has been potentially introduced or abolished in said amplified 
product and subjecting the digested molecule to conditions to permit annealing to a set of 
said immobilized oligonucleotides comprising oligonucleotides which are sense or 
complementary to a portion of the amplified sequence introduced by at least one primer; 
and 
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detecting the relative proportion of signal by the reporter molecules wherein 
an equal proportion of different signals or the substantial presence of only one signal 
represents a homozygous presence or absence of change in the target nucleotide sequence 
and wherein the presence of a differential signal represents a heterozygous presence or 
absence of said change in target nucleotide sequence. 

34. A method of Claim 33 wherein the one or more of said forward or reverse 
primers introduces a restriction endonuclease site within the amplified product. 

35. A method of Claim 33 or 34 wherein the solid support is selected from the 
list comprising glass and a polymer such as cellulose, nitrocellulose, ceramic material, 
polyacrylamide, nylon, polystyrene and its derivatives, polyvinylidene difluoride, 
methacrylate and its derivatives, polyvinyl chloride and polypropylene. 

36. A method of Claim 35 wherein the solid support is glass. 

37. A method of any one of Claims 33 to 36 wherein two or more 
oligonucleotide sequences are anchored to the solid support in the form of an array. 

38. A method any one of Claims 33 to 37 wherein the restriction endonuclease 
site is recognized by a restriction enzyme selected from the list comprising Aatl, AatU, 
Aaul,Acc\ 131, Accl6l y Acc65l 9 AccB\l 9 AccBll, AccBSI, Accl, AccH, AccHl, AceJH 9 Aeil, 
AcH, AclNl, AclWl, Acsl, Acyl, Adel, Afal, Afel, Ajm, AJlIll, Agel, AhaUl, Ahdl, Alul, 
Alw21l 9 Alw26I, Alw44I 9 Alwl, AlwNl, AmaZll, Aocl 9 AorSYBJ, ApaBI, Apal, ApaU, Apol, 
Ascl, Asel, Asi AI, Asnl, Aspl '001, Asp7\8l, AspEl, AspHl, Aspl, AspLEl, AspS9l, AsuC2l 9 
AsuHPl, Asul, AsuII, AsuNRI, Aval, Avail, AvalU, AviU, AvrU, Axyl 9 Bael, Baa, BamHl, 
Banl, Banll, BanUl, Bbel, BbiR, BbrPl, Bbsl, Bbul, BbvMl, BbvCl, Bbvl, BbvR, Bed, 
BceS3l, Been, Bcgl, BciVl, Bell, Benl, Bcol, Beul, Betl, Bfal, Bfil, Bfml, Bfrl, BgK, BglR, 
Binl, Blnl, Blpl, Bme\8l, Bmgl, Bmrl, Bmyl, Bpil, BpH, Bpml, BpulOl, Bpu\ 1021, BpulAl, 
BpuAl, Bsa29l, BsaAl, BsaBl, BsaHl, Bsal, BsaJl, BsaMl, BsaOl, BsaWl, BsaXl, Bsbl, 
Bse4l, BscBl, BscCl, BscFl, BscGl, Bscl, Bsell8l, Bsell, Bse2ll, Bse3Dl, Bse&l, BseAI, 



WO 02/50305 



PCT/AU01/01643 



-51 - 



BseCl, BseDl, BseGl, BseLl, BseMll, BseNl, BsePI, BseRI, BseX31,.Bsgl, Bshl236l, 
Bshl2S5l, Bshl3651, Bshl, Bshm, BsiBI, BsiCI, BsiEl, BsiHKAl, Bsil, BsiLl, BsiMI, 
BsiQl, BsiSI, BsiWl, BsiXl, BsiYl, BsiZI, Bstl, BsmAl, BsmBl, BsmFl, Bsml, BsoBl, 
Bsp\06l, Bsp\\9l, Bsp\2Q\, Bsp\2%6\, Bspl3l, BsplAOll, Bsp\431, Bspl43Tl, Bspll20l, 
Bspl91, Bsp241, Bsp6Sl, BspA2\, BspCl, BspDl, BspEl, BspGl, BspHl, BsplA, BspUJUl, 
BspMI, BspMlI, BspTl, BspXl, BsrBl, BsrBKL, BsrDl, BsrFl, BsrGl, Bsrl, BsrSl, BssAl, 
BssWl, BssXl, BssNAl, BssSl, BssTU, Bstl 1071, Bst2BI, BstlUl, Bst4Cl, BstlU, Bsmi, 
BstACl, BstAPl, BstBAl, BstBl, BstDEl, BstDSI, BstEll, BsiFSl, BstU21, BstHPI, BstMCI, 
BstNl, BsiNSl, BstOl, BstPl, BstSFl, BstSNl, BstUl, BstX2l, BstXl, BstYl, BstZlll, BstZl, 
Asm 151, Bsu36l, Bsu61, BsuRl, Btgl, Btsl, Cac&l, CauJl, Cbil, CciNl, CeHl, Cfol, QHOI, 
Cfr\31, Cfr421, Cfr91, Cfrl, Cje\, CjePl, Clal, Cpol, Csp45I, Csp61, Cspl, CviJl, CwRI, 
Cvnl, Ddel, Dpnl, Dpnll, Dra\, Droll, Drain, Drdl, Droll, Dsal, DseDl, Eael, Eagl, 
Eamll041, Eaml\05l, Earl, Ecil, £c/136II, EclHKl, EclXI, £co!05I, Ecol30l, Ecol41l, 
Eco24\, Eco2SS\, Eco3ll, Eco32\, Eco41l, Eco4im, EcoS2\, Eco51l, Eco64l, Ecol2\, 
EcoZll, EcoSSl, Eco9\l, EcolCKl, EcoNl, EcoOl091, Eco065I, EcoRl, EcoRTl, EcoRV, 
EcoTlAl, EcoY22l, EcoT3%l, Egel, Ehel, Erhl, Espl396l, Esp31, Espl, Faul, FauNDl, 
Fbal, Finl, Fnu4Hl, FnuDU, Fokl, FriOl, Fsel, Fsp4Ul, Fspl, GdiTL, Gsul, Hael, HaeTl, 
HaeHl, HaelV, Hapll, Hgal, HgiAl, HgiCl, HgiEl, HgiEU, HgiJU, Hhal, //mil, Hin2l, 
HinAl, Hin6l, HincU, Hindll, Hindlll, Hinfl, HinPlI, Hpal, HpaVL, Hphl, Hsp92I, Hsp9211, 
HspAl, Ital, Kasl, Kpn2l, Kpnl, Ksp22l, Ksp632l, KspAl, Kspl, Kzo91, Lspl, Mael, MaeTl, 
Maelll, Maml, Mbil, Mbol, Mboll, Mcrl, Mfel, Mfll, MM, MM, MZuNI, Mfyl 131, Mmel, 
Mntl, Mphll03l, Mrol, MroNl, MrdXl, Mscl, Msel, Ms/I, MspMl, MspAU, MspCl, Mspl, 
MspR9l, MstI, Muni, Mva 12691, Mval, Mvnl, Mwol, Nael, Narl, Neil, Ncol, Ndel, NdeTl, 
NgoAIV, NgoMIV (previously known as NgoMT), Nhel, NlaUl, NlalV, NoO, NruGl, Nrul, 
Nsbl, Nsil, NspBII, Nspl, NspV, Pad, Pael, PaeRll, Pagl, Pall, Paul, P/71108I, P/123T1, 
PflFl, PflMl, Pin Al, Plel91, Plel, PmaCl, Pme55l, Pmel, Pmll, PpulOl, PpuMl, Psh Al, 
PshBl, Psp\24Bl, Pspl406l, PspSU, PspAl, PspEl, PspU, PspN4l, PspOMI, PspVPl, 
Pstl, Pvul, Pvull, Real, RleAl, Rsal, Rsrll, Sacl, SacTI, San, SanDl, Sapl, Sau3Al, Sau961, 
Saul, Sbjl, Seal, Schl, ScrFl, Sdal, Sdul, Seel, SexAl, SfaNl, Sfcl, Sfel, Sfil, Sfol, S/r274I, 
Sfr303l, Sful, Sgfl, Sgr Al, Siml, Sinl, Smal, Smil, Smtl, SnaBl, Snal, Spel, Sphl, SpR, Srjl, 
5se8387I, Sse%6411, SseSl, SseBl, SspBl, Sspl, Sstl, SstU, Stul, Styl, Suril, Swal, Tail, Taql, 
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TagU 9 Tail, Taul, Tfil y Thai, Trull, Tru9l, Tscl, Tsel, 7ip45I, TspACl, Tsp509l, TspEl, 
TspRI, rail II, 7M11 III, mHB8I, UbaDl UbaEl, UbaU, UbaOl, Van9\\ Vha464l, 
Vnel, Vsph XagI, Xbal 9 Xcml 9 Xhol, Xhol\ XmaQl, Xmal, XmaUI and Xmnl, Zspll. 

39. A method of any one of Claims 33 to 38 wherein the reporter molecule is 
selected form the list comprising chloramphenicol, a colourless galactosidase, a colourless 
glucuronide, luciferin and green fluorescent protein. 

40. A method of any one of Claims 33 to 39 wherein the target nucleotide 
sequence is in a eukaryotic cell such as a mammalian cell or a plant cell. 

41 . A method of Claim 40 wherein the cell is a plant cell. 

42. A method of Claim 40 wherein the cell is a mammalian cell and the target 
sequence is associated with a disease condition comprising one or more known genetic 
mutations. 

43. A method of Claim 42 wherein the mammalian cell is a human cell and the 
disease condition is selected from the list comprising adreno-leukodystrophy, 
atherosclerosis, gaucher disease, gyrate atrophy, juvenile onset diabetes, obesity, 
paroxysmal nocturnal hemoglobinuria, phenylketonuria, refsum disease, tangler disease 
and haemochromatosis conditions involving transporters, channels and pumps such as 
cystic fibrosis, deafness, diastrophic dysplasia, long-QT syndrome, Menkes syndrome, 
Pendred syndrome, polycystic kidney disease, sickle cell anaemia, Wilson's disease and 
Zellweger syndrome, conditions involving signal transduction such as ataxia telangiectasia, 
baldness, Cockayne syndrome, glaucoma, tuberous sclerosis, Waardenburg syndrome and 
Werner syndrome; conditions involving the brain such as Alzheimer's disease, 
amyotrophic lateral sclerosis, Angleman syndrome, Charcot-Marie-Tooth disease, 
epilepsy, essential tremor, fragile X syndrome, Friedreich's ataxia, Huntington's disease, 
Niemann-Pick disease, Parkinson's disease, Prader-Willi syndrome, Rett syndrome, 
spinocerebella atrophy and William's syndrome; and conditions involving the skeleton 
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such as Duchenne muscular dystrophy, Ellis-van Creveld syndrome, Marfan syndrome and 
myotonic dystrophy. 

44. An assay device for determining the presence or absence of a nucleotide or 
group of nucleotides in a nucleic acid molecule comprising:- 

an array of immobilized oligonucleotides each complementary to a 
nucleotide sequence within an amplified product digested by one or more restriction 
endonucleases, and 

means to screen for the hybridization of a target sequence to the 
immobilized oligonucleotide array. 

45. An assay of Claim 44, wherein the array of immobilized oligonucleotides is 
attached to a solid support. 

46. An assay of Claim 45 wherein the solid support is selected from the list 
comprising glass, cellulose, nitrocellulose, ceramic material, polyacrylamide, nylon, 
polystyrene and its derivatives, polyvinylidene difluoride, methacrylate and its derivatives, 
polyvinyl chloride and polypropylene. 

47. An assay of Claim 46 wherein the solid support is glass. 

48. An assay any one of Claims 44 to 47 wherein the device is packaged for 
sale and contains instructions for use. 
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SEQUENCE LISTING 

<110> Murdoch Childrens Research Institute 

<120> Diagnostic assay 

<130> 2487432/EJH 

<14 0> International 
<141> 2001-12-20 

<150> AU PR2214 
<151> 2000-12-20 

<160> 49 

<170> Patentln version 3.0 

<210> 1 

<211> 21 

<212> DNA 

<213> human 

<400> 1 

cgcattatga tcctcgttgt g 

<210> 2 

<211> 29 

<212> DNA 

<213> human 

<400> 2 

aaagaaaata tcatctttgg tgtttccta 
3 

20 
DNA 

synthetic probe 



WO 02/50305 



PCT7AU01/01643 



- 11 - 



<400> 



3 



gctgctcgtg gttaagctct 



20 



<210> 4 

<211> 19 

<212> DNA 

<213> synthetic probe 

<400> 4 

cgtaccaatg gatgcggtc 19 

<210> 5 

<211> 20 

<212> DNA 

<213> synthetic probe 



<210> 6 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 6 

gagttcccgt gcgttagatc 20 

<210> 7 

<211> 20 

<212> DNA 

<213> synthetic probe 



<400> 



5 



gaggtcagtt cacgaagctc 



20 



<400> 



7 



gcgactaggt ggctctaatc 



20 



<210> 



8 



<211> 



20 



WO 02/50305 



PCT/AU01/01643 



- Ill - 



<212> 



DNA 



<213> synthetic probe 



<400> 



8 



agtcaagcta gatgccgatc 



20 



<210> 9 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 9 

aaaccatcga ctcacgggat 20 

<210> 10 

<211> 20 

<212> DNA 

<213> synthetic probe 



<210> 11 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 11 

tacaacgatt gcctgcctgt 20 

<210> 12 

<211> 20 

<212> DNA 

<213> synthetic probe 



<400> 



10 



atgcagcgta ggtatcgact 



20 



<400> 12 

cacagagctg agtcggatat 



20 
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<210> 13 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 13 

tcagcgcgtg tcgttgcata 

<210> 14 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 14 

ttgaatcgtt tgaatcgcgg 

<210> 15 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 15 

catgcagctc gatctagcga 

<210> 16 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 16 

catgcagctc gatctagcga 

<210> 17 

<211> 20 

<212> DNA 

<213> synthetic probe 
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20 



20 



20 



<400> 17 
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cttgatacga ctgtcatggc 

<210> 18 
<211> 19 
<212> DNA 

<213> synthetic probe 
<400> 18 

cttgatacga ctgtcatgg 

<210> 19 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 19 

agagcttaac cacgagcagc 

<210> 20 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 20 

cgtaccaatg gatgcggtct 

<210> 21 
<211> 20 
c212> DNA 

<213> synthetic probe 
<400> 21 

agaccgcatc cattggtacg 

<210> 22 

<211> 20 

<212> DNA 

<213> synthetic probe 
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20 



19 



20 



20 
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VI 



<400> 22 

cgtaccaatg gatgcggtct 20 

<210> 23 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 23 

gagcttcgtg aactgacctc 20 

<210> 24 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 24 

gaggtcagtt cacgaagctc 20 

<210> 25 
<211> 20 
c212> DNA 

<213> synthetic probe 
<400> 25 

gatctaacgc acgggaactc 20 

<210> 26 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 26 

gagttcccgt gcgttagatc 2 0 



<210> 27 
<211> 20 
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<212> DNA 

<213> synthetic probe 
<400> 27 

gattagagcc acctagtcgc 

<210> 28 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 28 

gcgactaggt ggctctaatc 

<210> 29 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 29 

gatcggcatc tagcttgact 

<210> 30 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 30 

agtcaagcta gatgccgatc 

<210> 31 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 31 

atcccgtgag tcgatggttt 
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vii - 



20 



20 



20 



20 
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vin - 



<210> 32 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 32 

aaaccatcga ctcacgggat 20 

<210> 33 

<211> 20 

<212> DNA 

<213> synthetic probe 



<210> 34 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 34 

atgcagcgta ggtatcgact 20 

<210> 35 

<211> 20 

<212> DNA 

<213> synthetic probe 



<400> 



33 



agtcgatacc tacgctgcat 



20 



<400> 



35 



acaggcaggc aatcgttgta 



20 



<210> 



36 



<211> 



20 



<212> 



DNA 



<213> synthetic probe 



<400> 36 
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tacaacgatt gcctgcctgt 

<210> 37 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 37 

atatccgact cagctctgtg 

<210> 38 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 38 

cacagagctg agtcggatat 

<210> 39 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 39 

tatgcaacga cacgcgctga 

<210> 40 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 40 

tcagcgcgtg tcgttgcata 

<210> 41 

<211> 20 

<212> DNA 

<213> synthetic probe 
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20 



20 
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<400> 



41 



ccgcgattca aacgattcaa 



20 



<210> 42 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 42 

ttgaatcgtt tgaatcgcgg 20 

<210> 43 

<211> 20 

<212> DNA 

<213> synthetic probe 



<210> 44 

<211> 20 

<212> DNA 

<213> synthetic probe 

<400> 44 

catgcagctc gatctagcga 20 

<210> 45 

<211> 20 

<212> DNA 

<213> synthetic probe 



<400> 



43 



tcgctagatc gagctgcatg 



20 



<400> 



45 



tgtgcgatcc tactgaccgt 



20 



<210> 



46 



<211> 



20 
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<2I2> DNA 

<213> synthetic probe 
<400> 46 

acggtcagta ggatcgcaca 20 

<210> 47 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 47 

gccatgacag tcgtatcaag 20 

<210> 48 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 48 

cttgatacga ctgtcatggc 20 

<210> 49 
<211> 20 
<212> DNA 

<213> synthetic probe 
<400> 49 

acgcagtgag tagcatcctg 20 
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